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ABSTRACT
The p r i m a r y  p u r p o s e  o f  t h i s  s t u d y  was t o  compare t h e  e f f e c t s  
o f  two t y p e s  o f  t r e a d m i l l  w or k b o u t s ,  one o f  s h o r t  i n t e n s i t y  and 
one o f  p r o l onge d  d u r a t i o n ,  on t h e  h e a r t  r a t e  r e c o v e r y  p a t t e r n s  o f  
f i t  and u n f i t  s u b j e c t s .  A s e c o nd a r y  p u r po s e  o f  t h i s  s t u d y  was t o  
compare t h e  r e s t i n g  and workbout  a n t i c i p a t o r y  h e a r t  r a t e s  o f  t h e  
f i t  and u n f i t  s u b j e c t s .  The s u b j e c t s  in t h i s  s t u d y  were s i x t y  
male  s t u d e n t s ,  t h i r t y  o f  whom were  c a r d i o v a s c u 1a r 1y f i t  and t h i r t y  
u n f i t .  The Quinton t r e a d m i l l  was used a s  t h e  means o f  e x e r c i s i n g  
in b o t h  t h e  s h o r t  and p r o l o n g e d  d u r a t i o n  workbou t s  t o  p r oduce  a 
h e a r t  r a t e  l e v e l  o f  180 b e a t s  p e r  m i n u t e .  Recovery h e a r t  r a t e  
r e c o r d i n g s  were  made e v e r y  mi nu t e  f o r  a p e r i o d  o f  f i f t e e n  mi nu t e s  
w i t h  t h e  E and M s o l i d  w i r e  c a r d i o t a c h o m e t e r  s y s t em.
The f i n d i n g s  o f  t h i s  s t u d y  were  a s  f o l l o w s :
1. A s i g n i f i c a n t  d i f f e r e n c e  was found t o  e x i s t  between t he  
h e a r t  r a t e  r e c o v e r y  p a t t e r n s  o f  t h e  f i t  and u n f i t  
s u b j e c t s  a t  t h e  .01 l e v e l  o f  p r o b a b i l i t y .  The h e a r t  
r a t e s  f o r  t h e  u n f i t  s u b j e c t s  were  s i g n i f i c a n t l y  h i g h e r  
t h a n  t h e  h e a r t  r a t e s  f o r  t h e  f i t  s u b j e c t s  d u r i n g  t he  
r e c o v e r y  p e r i o d .
2.  The h e a r t  r a t e  r e s p o n s e s  t o  t h e  long and s h o r t  d u r a t i o n  
wor kbout s  were  found t o  be s i g n i f i c a n t l y  d i f f e r e n t  a t  
t h e  .01 l e v e l  o f  c o n f i d e n c e  w i t h  t h e  s h o r t  d u r a t i o n
workbout  p r o d u c i n g  a h i g h e r  h e a r t  r a t e  r e c o v e r y  p a t t e r n  
t han  d id  t h e  long wor kbou t .
3.  No s i g n i f i c a n t  i n t e r a c t i o n  was found between t y p e  o f  
workbout  and f i t n e s s  o f  t h e  s u b j e c t s ,  i n d i c a t i n g  t h a t  
t h e  d i f f e r e n c e  in r e c o v e r y  r a t e  f o r  t h e  f i t  and u n f i t  
g roups  r emained un i f o r m f o l l o w i n g  bo th  t h e  s h o r t  and 
long wor kbou t s .
k .  No s i g n i f i c a n t  i n t e r a c t i o n  was found between t yp e  of  
workbout  and p u l s e  r a t e  r e c o v e r y  p a t t e r n s ,  i n d i c a t i n g  
t h a t  t h e  r e c o v e r y  r a t e  p r oduced  by t h e  s h o r t  workbout  
r emained u n i f o r m l y  h i g h e r  t han  t h e  r e c o v e r y  r a t e  f o r  
t h e  long workbou t  t h r o u g h o u t  t h e  f i f t e e n  mi nu t e  p e r i o d .
5.  The u n f i t  s u b j e c t s  showed a s i g n i f i c a n t l y  h i g h e r  p r e ­
e x e r c i s e  r e s t i n g  h e a r t  r a t e  t han  d i d  t h e  f i t  s u b j e c t s .
6.  I t  was found t h a t  t h e  u n f i t  s u b j e c t s  had a h i g h e r  
a n t i c i p a t o r y  h e a r t  r a t e  t ha n  d id  t h e  f i t  s u b j e c t s  p r i o r  
t o  t h e  s h o r t  workbout  and t h e  long workbou t .
Wi t h i n  t he  l i m i t s  o f  t h i s  s t u d y ,  t h e  f o l l o w i n g  c o n c l u s i o n s  
were  j  u s t  i f  i e d :
1. The h e a r t  r a t e  r e c o v e r y  p a t t e r n  i s  i n f l u e n c e d  by t h e  
n a t u r e  o f  t h e  workbou t  t h a t  p roduces  a s t r e s s  l e v e l  o f  
180 b e a t s  p e r  mi n u t e  in b o t h  f i t  and u n f i t  s u b j e c t s .
2.  The s h o r t  d u r a t i o n  workbout  r e s u l t s  in a h i g h e r  r e c o ve r y
h e a r t  r a t e  p a t t e r n  t h a n  a long workbout .
x
3.  The r e s t i n g  h e a r t  r a t e  a p p a r e n t l y  i s  an i n d i c a t o r  of  
phys i c a l  f i  t n e s s .  
k .  R e g a r d l e s s  of  t h e  l e ve l  o f  f i t n e s s  o f  t h e  s u b j e c t ,  t h e  
a n t i c i p a t i o n  o f  e x e r c i s e  p r oduces  an i n c r e a s e  in h e a r t  
r a t e .  Moreover ,  s i n c e  t he  u n f i t  s u b j e c t ' s  a n t i c i p a t o r y  
r a t e  i s  c o n s i s t e n t l y  h i g h e r  t h a n  t h e  f i t  s u b j e c t ' s ,  
t he  t ype  o f  e x e r c i s e  t o  be engaged in c ou l d  have a 
s i g n i f i c a n t  b e a r i n g  on t h e  pe r f o r ma nc e  of  t he  u n f i t  
subj  e c t s .
x i
CHAPTER I
INTRODUCTI ON
Under c o n d i t i o n s  o f  p h y s i o l o g i c a l  s t r e s s  o r  e x h a u s t i n g  a c t i ­
v i t y ,  such as  in c o m p e t i t i v e  s p o r t s  and p h y s i c a l  e d u c a t i o n  c l a s s e s ,  
t h e  v i g o r  and e x t e n t  o f  e x e r c i s e  a r e  c i r c u m s c r i b e d  by the  
p h y s i o l o g i c a l  c a p a c i t i e s  o f  t h e  i n d i v i d u a l  i n v o l ve d .  I t  i s  g e n e r a l l y  
ag r ee d  t h a t  a regime of  e x e r c i s e  s y s t e m a t i c a l l y  f o l l o w e d  w i l l  ex t end  
t h e  l i m i t s  o f  s t r e s s  a l t h o u g h  t he  means by which t r a i n i n g  p r oduces  
d e s i r e d  r e s u l t s  i s  n o t  c l e a r l y  u n d e r s t o o d .  Expe r i men t a l  work on 
i n t a c t  humans has y i e l d e d  some s i g n i f i c a n t  a d va n c e s ,  b u t  some of  t h e  
e v i d e n c e  i s  c o n f l i c t i n g .
M a l h o r t r a  and o t h e r s '  s t a t e d  t h a t  t h e  p u l s e  r a t e  in each 
s u b j e c t  i s  h i g h l y  r e l a t e d  to  t he  e n e r g y  e x p e n d i t u r e  a s  t h e  c a r d i o ­
v a s c u l a r  sys t em has  a v i t a l  r o l e  in c a r r y i n g  oxygen t o  t h e  working  
m u s e l e s .
2
Karpov i ch  s t a t e d  t h a t  t h e  t i me  r e q u i r e d  f o r  t h e  p u l s e  r a t e  
t o  r e t u r n  t o  normal  a f t e r  e x e r c i s e  depends  upon t h e  i n t e n s i t y  o f  
t h e  e x e r c i s e  and upon t h e  c o n d i t i o n  of  t he  i n d i v i d u a l .  I n c r e a s i n g  
t h e  i n t e n s i t y  o f  e x e r c i s e  i n c r e a s e s  t h e  t i me  r e q u i r e d  f o r  r e c o ve r y .
' m. S. M a l h o r t r a ,  Sen Gupta ,  and R. M. Ra i ,  " P u l s e  Count  as  
a Measure o f  Energy E x p e n d i t u r e , "  J o u r n a l  o f  App l i ed  P h y s i o l o g y ,
Vol .  18 (May, 1963) ,  99^ -998 .
2
P e t e r  V. Ka r pov i c h ,  P h y s i o l o g y  of  Muscu la r  A c t i v i t y  
( P h i l a d e l p h i a  and London: W. B. Saunder s  Co. ,  1965) ,  p.  6 7 .
23
S t e i n h a u s  a s s e r t e d  t h a t  in i n t e r v a l  t r a i n i n g  t h e  s u b j e c t  
n e v e r  p e r fo rm s  a t  h i s  maximum, and t h i s  p r o v i d e s  opt imum c o n d i t i o n ­
ing by k eep i ng  t h e  i n d i v i d u a l  in t he  phas e  o f  s u p p l y i n g  oxygen as  
r a p i d l y  a s  he needs  i t .  T h e r e f o r e ,  an i n t e r v a l  t r a i n i n g  method 
would t e nd  t o  improve t h e  h e a r t  and blood v e s s e l s '  a b i l i t y  t o  
p r o v i d e  more oxygen t o  t h e  m u s c l e s .
Cooper  s t a t e d  t h a t  no one has  been a b l e  t o  show a m e a s u r a b l e  
t r a i n i n g  e f f e c t  f rom e x e r c i s i n g  j u s t  s i x t y  s ec o n d s  a day  r e g a r d l e s s  
o f  t h e  e x e r c i s e  employed.  Cooper f u r t h e r  s t a t e d  t h a t  a f t e r  f o u r  
y e a r s  o f  r e s e a r c h  h i s  f i n d i n g s  i n d i c a t e  two p r i n c i p l e s :
(1)  I f  t h e  e x e r c i s e  i s  v i g o r o u s  enough t o  p roduce  a s u s t a i n e d  
h e a r t  r a t e  o f  150 b e a t s  p e r  mi nu t e  o r  more ,  t h e  t r a i n i n g -  
e f f e c t  b e n e f i t s  beg i n  a b ou t  f i v e  m i n u t e s  a f t e r  t h e  e x e r c i s e  
s t a r t s  and c o n t i n u e  as  long as  t h e  e x e r c i s e  i s  p e r fo rm e d .
(2)  I f  t h e  e x e r c i s e  i s  n o t  v i g o r o u s  enough t o  p roduce  o r  
s u s t a i n  a h e a r t  r a t e  o f  150 b e a t s  p e r  m i n u t e ,  b u t  i s  s t i l l  
demanding oxygen,  t he  e x e r c i s e  must  be c o n t i n u e d  c o n s i d e r a b l y  
l on g e r  than  f i v e  m i n u t e s ,  t h e  t o t a l  p e r i o d  of  t i me  depend i ng  
on t h e  oxygen consumed.
Wr i g h t s  tone"* i n v e s t i g a t e d  t h e  d i f f e r e n c e s  be tween s p o r t s -  
t ype  and d r i l l  p rograms  and found s p o r t s - t y p e  p rograms  s i g n i f i c a n t l y  
s u p e r i o r  in d e v e l o p i n g  p h y s i c a l  f i t n e s s .
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A r t h u r  H. S t e i n h a u s ,  Toward An Unde r s t and  i ng o f  Hea1th and 
P h y s i c a l  Educ a t i on  (Dubuque,  Iowa: Wm. C. Brown Co . ,  1963) ,  p.  61.
Zj.
Kenneth H. Cooper ,  Aerob i cs  (New York: M. Evans and Co. ,  
I n c . ,  1968) ,  pp.  3 3 - ^0 .
c
J .  W. W r i g h t s t o n ,  " E v a l u a t i n g  P r a c t i c e s  in H e a l t h  and 
P h y s i c a l  E d u c a t i o n , "  Resea rch  Q u a r t e r l y , Vol .  7 (March,  1936) ,
31-35-
C o n s o l a z i o ,  J ohns on ,  and P ec o r a  o u t l i n e d  t h e  e f f e c t s  o f  
submaximal  work w i t h  a f i x e d  i n t e n s i t y  and maximal work on t r a i n i n g  
Submaximal work l e v e l s  o f  f i x e d  i n t e n s i t y  p r oduce  a f a i r l y  c o n s t a n t  
and somewhat improved me chan i c a l  e f f i c i e n c y  r e s u l t i n g  in lowered 
oxygen c ons umpt i on ,  and a f i x e d  oxygen i n t a k e  p roduced  a s m a l l e r  
c a r d i a c  o u t p u t  in t r a i n e d  s u b j e c t s  t ha n  in u n t r a i n e d  s u b j e c t s .  
Submaximal work l e v e l s  p roduce  a r e d u c a t i o n  in p u l s e  r a t e  b e c a u s e  
o f  an i n c r e a s e  in s t r o k e  volume o f  t h e  h e a r t  a l ong  w i t h  a r e d u c t i o n  
in t h e  b lood l a c t a t e  l e v e l .  Maximal work l e v e l s  p roduce  no change 
in maximum p u l s e  r a t e .  The a e r o b i c  c a p a c i t y  i n c r e a s e s  a s  we l l  as 
t h e  c a p a c i t y  t o  a c c u m u l a t e  a g r e a t e r  oxygen d e b t  a l ong  w i t h  an 
i n c r e a s e  in c a p a c i t y  f o r  s u p p l y i n g  oxygen t o  t h e  t i s s u e s  and a 
g r e a t e r  u t i l i z a t i o n  o f  t h e  a n a e r o b i c  e n e r gy  r e s e r v e s .  There  i s  
a l s o  a g r e a t e r  c a p a c i t y  f o r  a c c u m u l a t i o n  o f  l a c t i c  a c i d  and a 
s l i g h t  i n c r e a s e  in t he  b lood s u g a r  l e v e l s .  I t  has  been s u gg e s t e d  
t h a t  t he  c a p a c i t y  o f  t h e  h e a r t  musc l e  t o  i n c r e a s e  t h e  c a r d i a c  
o u t p u t  i s  g r e a t e r  t h a n  t h e  a b i l i t y  o f  t h e  musc l e s  t o  r e c e i v e  i t  
when o n l y  a p a r t  o f  t h e  m u s c u l a r  mass i s  w o r k i n g ,  as  in t h e  c a s e  
o f  r u n n i n g .
Because  o f  t h e  c o n f u s i o n  and v a r i e d  b e l i e f s  which abound 
c o n c e r n i n g  t h e  most  e f f e c t i v e  and e f f i c i e n t  methods  o f  c o n d i t i o n i n g  
t h i s  s t u d y  c ou l d  p r o v i d e  more i n f o r m a t i o n  f o r  c o a c h e s ,  p h y s i c a l
C. Fr ank  C o n s o l a z i o ,  Rober t  E. J ohns on ,  and Loui s  J .  
P e c o r a ,  P h y s i o l o g i c a l  Measurements  of  M e t a b o l i c  F u n c t i o n s  i n Man 
(New York and London: McGraw-Hil l  Co . ,  1963) ,  pp.  55^~557.
e d u c a t o r s ,  r e s e a r c h e r s  and o t h e r  i n t e r e s t e d  p e r s o n s  r e g a r d i n g  
c a r d i o - r e s p i r a t o r y  r e s p o n s e s  t o  d i f f e r e n t  forms o f  e x e r c i s e .  The 
r e s u l t s  o f  t h i s  and o t h e r  s t u d i e s  r e l a t i n g  t o  t h e  c o m p a r a t i v e  
e f f e c t s  o f  d i f f e r e n t  l e n g t h s  and i n t e n s i t i e s  o f  workbou t s  may a i d  
i n d i v i d u a l s  in p l a n n i n g ,  s c h e d u l i n g ,  and c o n d u c t i n g  e x e r c i s e  
programs  d e s i g n e d  t o  improve c a r d i o v a s c u l a r  f i t n e s s .
I .  STATEMENT OF THE PROBLEM
This  s t u d y  was an a t t e m p t  t o  i n v e s t i g a t e  w h e t h e r  e x e r c i s e  
in which t h e  h e a r t  r a t e  i n c r e a s e d  t o  a s t r e s s  l e ve l  in a p r o l o n ge d  
workbout  would have t h e  same e f f e c t  on t h e  h e a r t  r e c o ve r y  p a t t e r n  
as  t h a t  o f  a s h o r t  i n t e n s i v e  wor kbou t .  Moreover ,  t h i s  i n v e s t i g a ­
t i o n  s ough t  t o  p r o v i d e  i n f o r m a t i o n  as  t o  wh e t h e r  t h e r e  would be 
d i f f e r e n c e s  in t h e  e f f e c t s  o f  s h o r t  and long d u r a t i o n  wor kbou t s  on 
f i t  s u b j e c t s  and u n f i t  s u b j e c t s .
1 I .  PURPOSE OF THE STUDY
The p r i m a r y  p u rp o s e  o f  t h i s  s t u d y  was t o  compare t h e  e f f e c t s  
o f  two t y p e s  of  t r e a d m i l l  w or k b ou t s ,  one of  s h o r t  i n t e n s i t y  and 
one o f  p r o l o n g e d  d u r a t i o n ,  on h e a r t  r a t e  r e c o v e r y  o f  f i t  and u n f i t  
s u b j e c t s .  A s ec o n d a r y  pu r po s e  o f  t h i s  s t u d y  was t o  compare t h e  
r e s t i n g  h e a r t  r a t e s  and t h e  a n t i c i p a t o r y  h e a r t  r a t e s  p r i o r  t o  each 
type  o f  workbout  o f  t h e  f i t  and u n f i t  s u b j e c t s .
I I I .  LI  Ml TA T IO N S  OF THE STUDY
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Thi s  s t udy  was d e l i m i t e d  t o  s i x t y  male s u b j e c t s  a t  t h e  
U n i v e r s i t y  o f  Sou t he r n  M i s s i s s i p p i ,  H a t t i e s b u r g ,  M i s s i s s i p p i .  The 
d a t a  were c o l l e c t e d  d u r i n g  t he  months  o f  J u l y  and August  which 
c ou l d  have had some i n f l u e n c e  on t h e  v a r i o u s  h e a r t  me a s u r e s .  The 
s t u d y  was f u r t h e r  l i m i t e d  t o  o n l y  two l e n g t h s  o f  workbou t s  and 
one t ype  o f  e x e r c i s e ,  r u n n i n g .  Th i s  s t u d y  was con c e r n e d  wi t h  
o n l y  h e a r t  r a t e  r e c o v e r y  as  t h e  i n d i c a t i o n  of  c o n d i t i o n  and ph y s ­
i o l o g i c a l  s t r e s s .
IV. DEFINITIONS OF TERMS
S h o r t  i n t e n s i v e  w o r k b o u t . Th i s  was d e f i n e d  as  a workbout  
o f  l e s s  t han  one mi nu t e  d u r a t i o n  o f  s u f f i c i e n t  i n t e n s i t y  t o  
i n c r e a s e  t h e  h e a r t  r a t e  t o  a l e ve l  of  180 b e a t s  p e r  mi nu t e .
Pro l onged  d u r a t i o n  w o r k b o u t . Th i s  t e rm was d e f i n e d  as  a 
workbout  o f  f rom f i f t e e n  t o  s i x t e e n  and o n e - h a l f  mi n u te s  of  
mode ra t e  i n t e n s i t y  which would c a u s e  an i n c r e a s e  in h e a r t  r a t e  
l e v e l  t o  180 b e a t s  p e r  m i n u t e .
F i t  s u b j e c t . Th i s  was d e f i n e d  as  a s u b j e c t  h av i ng  an 
e f f i c i e n c y  index s c o r e  o f  e i g h t y  o r  above as  measured  by t he  
J ohnson and Robinson S h o r t  Form Harvard  S t e p  T e s t . ^
^Edward C. Sc h n e i d e r  and P e t e r  V. Ka r po v i c h ,  P h y s i o l o g y  of  
Muscu1a r  Act  i v i t y  ( P h i l a d e l p h i a :  W. B. Saunde r s  Company, 1953) ,  
p.  2 7 0 .
6Unf i t  sub j e c t . Th i s  was d e f i n e d  as  a s u b j e c t  h a v i ng  an 
e f f i c i e n c y  index s c o r e  o f  f i f t y  o r  l e s s  a s  measured by t h e  J ohnson 
and Robinson S h o r t  Form Harvard  S t e p  T e s t .
P r e - e x e r c  i se  r e s t  i ng h e a r t  r a t e . Th i s  t erm was d e f i n e d  as 
t h e  h e a r t  r a t e  t a ken  a f t e r  f i v e  mi nu t e s  o f  r e s t  in a s up i n e  
p o s i t i o n ,  in an a i r - c o n d i t i o n e d  room, p r i o r  to  t h e  s t a r t  of  t h e  
w o r k b o u t .
P r e - e x e r c i s e  a n t i c i p a t o r y  h e a r t  r a t e . T h i s  was d e f i n e d  as 
t h e  h e a r t  r a t e  t a k e n  j u s t  p r i o r  t o  t h e  s t a r t  o f  t he  t r e a d m i l l  f o r  
t h e  s h o r t  i n t e n s i v e  workbout  and p ro l o n g ed  d u r a t i o n  workbou t .
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The r ev i e w o f  r e l a t e d  l i t e r a t u r e  p r e s e n t e d  in t h i s  c h a p t e r  
c e n t e r e d  a round s t u d i e s  d e a l i n g  w i t h  t h e  measurement  o f  h e a r t  
r a t e s  b e f o r e ,  d u r i n g ,  and a f t e r  e x e r c i s e ,  and r e s e a r c h  c o n c e r n i n g  
d u r a t i o n  and i n t e n s i t y  o f  wo rk b ou t s .
Fau l kne r^  s t u d i e d  t he  i n f l u e n c e  and s t a t u s  o f  p r i o r  c o n d i ­
t i o n i n g  f o r  a maximal e f f o r t  in a d j u s t m e n t  t o  a minimal  e f f o r t  in 
t wen t y  f r eshmen who had n e ve r  p a r t i c i p a t e d  in a t h l e t i c s ,  and f o r t y  
a t h l e t e s  who had p a r t i c i p a t e d  in f o o t b a l l ,  g y m n a s t i c s ,  hockey ,  
and t r a c k  a t  t he  U n i v e r s i t y  o f  Mi ch i gan .  The e x e r c i s e  t a s k  was 
pe r fo rmed  on an e l e c t r o d y n a m i c  b r ak e  b i c y c l e  e r g o m e t e r ,  and h e a r t  
r a t e  r e c o r d i n g s  were  made w i t h  an e l e c t r o c a r d i o g r a m .  The e x p e r i m e n t  
was d e s i g n e d  t o  a s s e s s  h e a r t  r a t e  and work o u t p u t  wi t h  r e a d i n g s  
t a k e n  w h i l e  r e s t i n g ,  in a n t i c i p a t i o n  o f  e x e r c i s e ,  d u r i n g  e x e r c i s e ,  
and in r e c o v e r y .  His f i n d i n g s  i n d i c a t e d  t h a t  t h e  l e ve l  o f  h e a r t  
r a t e  a n t i c i p a t i o n  and t h e  r e a c t i v i t y  o f  t h e  h e a r t  r a t e  t o  t he  
o n s e t  o f  e x e r c i s e  a r e  s t r o n g l y  i n f l u e n c e d  by h a b i t u a l  t r a i n i n g  
p a t t e r n s .  N o n - a t h l e t e s  had h i g h e r  r e s t i n g ,  a n t i c i p a t o r y ,  e x e r c i s e  
and r e c o v e r y  h e a r t  r a t e s  than  a t h l e t e s .  He a l s o  conc l ud e d  t h a t
^John A. F a u l k n e r ,  " E f f e c t  o f  C a r d i a c  C o n d i t i o n i n g  on t he  
A n t i c i p a t o r y  E x e r c i s e  and Recovery He a r t  Ra t es  o f  Young Men,"
J o u r n a l  o f  S p o r t s  Medic i ne  and P h y s i c a l  Fi t n e s s , V o l . A ( Ju n e ,
1964) ,  79 - 86 .
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8human h e a r t  r a t e  r e s p o n s e  in a n t i c i p a t i o n  o f  and in t h e  i n i t i a l  
s t a t e s  o f  a d j u s t m e n t  to  an unknown e x e r c i s e  demand t e n ds  t o  p r e p a r e
t h e  o r ga n i s m f o r  a maximal r e s p o n s e .
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T a y l o r  s t u d i e d  t h e  p e r fo rm a n c e  o f  two m o d e r a t e l y  t r a i n e d  
s u b j e c t s  on t h e  b i c y c l e  e r g o m e t e r  as t h e y  r e sponded  t o  work l oads  
o f  636 t o  1191 k i l o g r a m s  p e r  m i n u t e .  Hea r t  r a t e  was d e t e r mi n e d  
w i t h  a s t e t h o s c o p e  e v e r y  f i v e  m i n u t e s .  The s u b j e c t s  were  in p o s t -  
a b s o r p t i v e  s t a t e  and p e r f o r me d  a t  a c o n s t a n t  r a t e  o f  s i x t y - f i v e  
RPM t h r e e  t i mes  weekly  f o r  a p e r i o d  of  two mont hs .  Each o f  t he  
t w e n t y - f o u r  e x p e r i m e n t s  cond u c t ed  l a s t e d  f o r t y  t o  f i f t y  m i n u t e s .
His f i n d i n g s  i n d i c a t e d  t h a t  t h e  h e a r t  r a t e  does  n o t  r each  an 
a b s o l u t e l y  s t e a d y  s t a t e  b u t  c o n t i n u e s  a s low upward t r e n d  t h r o u g h ­
o u t  t h e  f o r t y - f i v e  m i n u t e s  o f  work.
Brouha and G a l l a g h e r  s t a t e d  t h a t  r e s t i n g  h e a r t  r a t e  i s  no t
an i m p o r t a n t  f a c t o r  in p e r f o r m i n g  work.
Res ea rch  has  shown t h a t  t h e  i n i t i a l  h e a r t  r a t e  o f  h e a l t h y  
young men does  n o t  have a s i g n i f i c a n t  r e l a t i o n s h i p  t o  an 
i n d i v i d u a l ' s  p h y s i c a l  f i t n e s s .  His f i t n e s s  depends  on the  
r a t e  a t  which h i s  h e a r t  s l ows  a f t e r  e x e r c i s e  and n o t  on 
how f a s t  i t  may have  been b e a t i n g  b e f o r e  he began work.
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Knehr ,  D i l l  and N e u f i e l d  s t u d i e d  f o u r t e e n  s u b j e c t s  engaged
2
C. T a y l o r ,  " S t u d i e s  in E x e r c i s e  P h y s i o l o g y , "  American 
J o u r n a l  o f  P h y s i o l o g y , Vol .  135 0 9 4 1 ) ,  27 - 42 .
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L. Brouha and J .  R. G a l l a g h e r ,  "A Simpl e  Method of  T e s t i n g  
P h y s i c a l  F i t n e s s  o f  Boys , "  Res ea r c h  Q u a r t e r l y , Vol .  14 (March,
1943) ,  23 -30 .
L
C. A. Knehr ,  D. B. D i l l ,  and W. N e u f i e l d ,  " T r a i n i n g  and I t s  
E f f e c t s  on Man a t  Res t  and Work,"  American J o u r n a l  o f  P h y s i o l o q y , 
Vol .  136 (1942) ,  148-156.
in a s i x  month program o f  m i d d l e - d i s t a n c e  runn i ng  on a mot or  d r i v e n  
t r e a d m i l l .  At  t h e  end o f  two,  f o u r  and s i x  mont hs ,  an e x h a u s t i v e  
work load was pe r f o r me d  by each  s u b j e c t  in a f i x e d  p e r i o d  o f  t i me .  
Oxygen i n t a k e  was used t o  i n d i c a t e  t h e  e x h a u s t i v e  p o i n t .  The 
t r a i n i n g  program produced  a s l i g h t  i n c r e a s e  in body w e i g h t ,  a 
d e c r e a s e  in r e s t i n g  p u l s e  r a t e  o f  a b o u t  f i v e  b e a t s  p e r  m i n u t e ,  
a g r e a t e r  c a p a c i t y  f o r  b lood  l a c t a t e ,  and p u l s e  r e c o v e r y  c u r ve  
t h a t  r emained u n a f f e c t e d .  I t  was s t a t e d  t h a t  t h e  u n a f f e c t e d  p u l s e  
d i d  n o t  c o n f l i c t  w i t h  t h e  d e c l i n e  o f  p u l s e  r a t e  a f t e r  pe r f o r ma nc e  
o f  a f i x e d  t a s k  s i n c e  e x h a u s t i v e  work was p r oduced  in t h i s  s t u d y  
by i n c r e a s i n g  p e r f o r m a n c e .
C o g s we l l ,  Henderson and Berrymen'* cond u c t ed  a s t u d y  o v e r  a 
t we l ve  month p e r i o d  u s i n g  seven men r a n g in g  in age  from t we n t y -  
t h r e e  t o  t w e n t y - e i g h t .  Three  p h y s i c a l  f i t n e s s  t e s t s ,  Harvard  
S t ep  T e s t ,  T r e a d m i l l  Run, and B i c y c l e  Ergomet e r ,  were  s e l e c t e d  
as  b e i n g  most  r e p r e s e n t a t i v e  o f  d i f f e r e n t  p h a s e s  o f  a c t i v i t y ,  
maximal  v e r s u s  submaximal ,  and a n a e r o b i c  v e r s u s  a e r o b i c .  These  
t e s t s ,  w i t h  t h e  e x c e p t i o n  o f  t h e  t r e a d m i l l  t e s t ,  were  pe r fo rme d  
t h r e e  t i me s  a week d u r i n g  t h e  f i r s t  f o u r  weeks o f  t he  t e s t i n g  
p e r i o d .  T h e r e a f t e r ,  t h e y  were  a p p l i e d  o n l y  once  a week t o  avo i d
5
R. C. C o g s we l l ,  C. R. Hender son ,  and G. H. Berrymen,  "Some 
O b s e r v a t i o n s  o f  t h e  E f f e c t s  o f  T r a i n i n g  on P u l s e  R a t e s ,  Blood 
P r e s s u r e  and Endurance  in Humans, Us ing t h e  S t ep  T e s t ,  T r e a d m i l l  
and E l e c t r o d y n a m i c  Brake  B i c y c l e  E r g o m e t e r , "  Amer ican J o u r n a l  o f  
Phys i o l o q y , Vol .  146 ( 19 4 6 ) ,  4 22 - 430 .
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t h e  s u b j e c t s '  becoming t i r e d  o f  t h e  e x e r c i s e s .  The Harvard  S t ep  
T e s t  r e p r e s e n t e d  submaximal  p e r fo r ma n c e  in which a r e l a t i v e l y  
" s t e a d y  s t a t e "  was o b t a i n e d .  Blood p r e s s u r e  and t h i r t y - s e c o n d  
p u l s e  r a t e  measurement s  were  made a t  o n e ,  two,  and t h r e e  mi nu t e s  
b e f o r e  and a f t e r  each  run.
Each s u b j e c t  compl e t e d  a s t a n d a r d  work p e r f o r m a n c e  on a 
t r e a d m i l l  s e t  a t  a speed o f  s i x  m i l e s  p e r  hour  and a g r a d e  o f  10 
p e r  c e n t .  Each s u b j e c t  ran two f o u r - m i n u t e  p e r i o d s  w i t h  t en  
mi nu t e s  o f  r e s t  i n t e r v e n i n g .  The d o u b l e  work p e r i o d  r e p r e s e n t e d  
o u t p u t  somewhere between t h a t  o f  t h e  e r g o m e t e r  and t h e  s t e p  t e s t ,  
b e i n g  as  c l o s e  t o  maximal p e r f o r ma n c e  as  p o s s i b l e  w h i l e  a l l o w i n g  
each s u b j e c t  t o  c o m p l e t e  bo t h  r u n s .  The t r e a d m i l l  t e s t  was 
a p p l i e d  once a week t h r o u g h o u t  t h e  p e r i o d .  P u l s e  r a t e s  were  
measured  b e f o r e  and one ,  two and t h r e e  mi n u t e s  a f t e r  each  run.
A work load c o n s i s t i n g  o f  two r i d e s  o f  s i x t y  s econds  
each  was pe r f o r me d  on t h e  e l e c t r o d y n a m i c  b r a ke  b i c y c l e  e r g o me t e r  
by each  s u b j e c t .  A t e n  mi nu t e  r e s t  p e r i o d  s e p a r a t e d  t h e  two 
r i d e s  and p roduced  an e x h a u s t i n g  work load f o r  t h e  s u b j e c t s .  
Measurements  f o r  b o t h  runs  i n c l u d e d  d u r a t i o n  o f  r i d e ,  and p u l s e  
r a t e s  t a k e n  a t  f i f t e e n  s e c o n d s ,  two,  and s i x  m i n u t e s  a f t e r  t he  
e x e r c i  s e .
I t  was found t h a t  in submaximal  e x e r c i s e  t h e  p o s t ­
e x e r c i s e  p u l s e  r a t e s  showed a d e c r e a s e  w i t h  t r a i n i n g ,  whereas  
maximal  t e s t s  f a i l e d  t o  p roduce  a s i m i l a r  r e s p o n s e .  Men hav i ng
h i g h e r  than  a v e r a g e  r e s t i n g  p u l s e  r a t e s  t e nded  t o  have h i g h e r  t h a n  
a v e r a g e  p o s t - e x e r c i s e  p u l s e  r a t e s .
Andrew,  Guzman and Beck l ake  measured  v e n t i l a t i o n ,  oxygen 
c o ns umpt i on ,  c a r d i a c  o u t p u t  and h e a r t  r a t e  a t  t h r e e  submaximal  
l e v e l s  o f  e x e r c i s e  b e f o r e  and a f t e r  a p e r i o d  o f  a t h l e t i c  t r a i n i n g .  
The s u b j e c t s  were  f o u r  c o l l e g e  a t h l e t e s  and f o u r  n o n - a t h l e t e s  
measured  on a b i c y c l e  e r g o m e t e r .  The a t h l e t e s  pe r fo rmed  e x e r c i s e  
work l oa ds  o f  5 5 0 , 7 5 0 , and 900 k i l o g r a m s  p e r  m i n u t e ,  w i t h  a 
f i f t e e n  mi nu t e  r e s t  p e r i o d  be t ween w o r k l o a d s .  A t h l e t e s  t r a i n e d  
f rom s i x  t o  e i g h t  hour s  week ly  and p l a ye d  a t  l e a s t  one t ype  o f  
game weekly  f o r  a p e r i o d  o f  f o u r  mont hs .  The n o n - a t h l e t e s  t r a i n e d  
one hour  d a i l y ,  f i v e  days  a week,  on r un n i n g ,  b e nc h - j u mp i n g ,  and 
r o p e - c l i m b i n g  e x e r c i s e s .  Each s u b j e c t  pe r fo rmed  t o  t h e  maximum 
o f  h i s  ab i 1i t y .
Each s u b j e c t  s e r ve d  as  h i s  own c o n t r o l  and h e a r t  r a t e s  were  
r e c o r d ed  t h r o u g h o u t  t h e  s t u d y  by an i n f r a r e d - s e n s i t i v e  p h o t o c e l l  
on t h e  e a r .  I t  was found t h a t  a f t e r  t r a i n i n g  t h e  h e a r t  r a t e  f e l l  
in a l l  s u b j e c t s  a t  a l l  l o a d s ,  a l t h o u g h  t h e s e  d i f f e r e n c e s  were  
s i g n i f i c a n t  in o n l y  t h e  350 and 550 Kg/min w or k l o a d s  f o r  non­
a t h l e t e s  and 550 and 900 Kg/min wo r k l o a d s  f o r  t h e  a t h l e t e s .
E l b e l , ^  u s i n g  f i f t y  c o l l e g e  male s u b j e c t s  who were  e n r o l l e d
£
G. M. Andrew,  C. A. Guzman, and M. R. B e c k l ak e ,  " E f f e c t  o f  
A t h l e t i c  T r a i n i n g  on E x e r c i s e  C a r d i a c  O u t p u t , "  J o u r n a l  o f  A p p l i e d  
Phys i o l o g y , Vol .  21 (March,  1966) ,  603-608 .
^Edwin R. E l b e l ,  "The R e l a t i o n s h i p  Between P r e - E x e r c i s e  and
12
in c o u r s e s  demanding r e g u l a r  p h y s i c a l  a c t i v i t y ,  compared t h e  p r e ­
e x e r c i s e  h e a r t  r a t e  w i t h  h e a r t  r a t e s  f o l l o w i n g  t h r e e  d i f f e r e n t  
p e r i o d s  o f  a c t i v i t y .  The t h r e e  workbou t s  were  t h e  s t e p - u p  e x e r c i s e
f o r  t h i r t y  secor .ds  a t  a r a t e  o f  e i g h t e e n  s t e p s  p e r  m i n u t e ,  s i x t y
seconds  a t  a r a t e  o f  e i g h t e e n  s t e p s  p e r  m i n u t e ,  and f o r  s i x t y
seconds  a t  a r a t e  o f  t h i r t y - s i x  s t e p s  p e r  mi nu t e .
In o r d e r  t o  d e t e r m i n e  t h e  r e l a t i o n s h i p  between t h e  p r e ­
e x e r c i s e  p u l s e  r a t e s  and t he  a f t e r - e x e r c i s e  r a t e s ,  t h e  d a t a  f o r  
each  t y p e  o f  e x e r c i s e  were a n a l y z e d  in a c c o r d a n c e  w i t h  t h e  
p r e - e x e r c i s e  r a t e s .  The c o e f f i c i e n t s  of  c o r r e l a t i o n  be tween the  
p r e - e x e r c i s e  p u l s e  r a t e  and i n c r e a s e  due t o  t h e  s t e p - u p  e x e r c i s e  
done a t  t h e  r a t e  of  e i g h t e e n  s t e p s  p e r  mi nu t e  f o r  p e r i o d s  o f  
t h i r t y  and s i x t y  seconds  were  i n s i g n i f i c a n t .  There  was a n e g a t i v e  
c o r r e l a t i o n  between t h e  p r e - e x e r c i s e  p u l s e  r a t e  and t h e  i n c r e a s e  
due t o  t he  s t e p - u p  e x e r c i s e  pe r fo rmed  a t  t h e  r a t e  o f  t h i r t y - s i x  
s t e p s  p e r  mi nu t e  f o r  s i x t y  s e c o n d s .  The t h r e e  g roups  c l a s s i f i e d  
a c c o r d i n g  t o  p r e - e x e r c i s e  p u l s e  r a t e  were compared ,  and i t  was 
found t h a t  t h e r e  was n o t  a t r u e  d i f f e r e n c e  among t h e  mean p u l s e  
r a t e  i n c r e a s e s  o f  t he  t h r e e  g roups  f o l l o w i n g  mi ld  and mode ra t e  
e x e r c i s e .  Fo l l o wi n g  t h e  workbout  f o r  s i x t y  seconds  a t  a r a t e  o f  
t h i r t y - s i x  s t e p s  p e r  m i n u t e ,  i t  was found t h a t  a t r u e  d i f f e r e n c e  
d i d  e x i s t  between t h e  mean i n c r e a s e  f o r  t h e  low p u l s e  r a t e  group
P o s t - E x e r c i s e  P u l s e  R a t e s , "  Resea rc h  Q u a r t e r l y , Vol .  19 ( Oc t o b e r ,  
19^8 ) ,  222- 228 .
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and t h e  group w i t h  a r a p i d  p r e - e x e r c i s e  p u l s e  r a t e .  T h i s  d i f f e r e n c e
was in f a v o r  o f  t h e  low p u l s e  r a t e  group.
8Hodgson and o t h e r s  s t u d i e d  p e r f o r m a n c e s  on t h e  Harvard  Step 
T e s t ,  maximal s t o o l  s t e p p i n g ,  and on runs  o f  50 and 200 y a r ds
sc o r ed  on t h e  b a s e s  o f  p h y s i o l o g i c a l  r e s p o n s e s  t o  maximal and s u b ­
maximal work.  The s u b j e c t s  were  c o l l e g e  women m a j o r i n g  in p h y s i c a l  
e d u c a t i o n ,  none o f  whom was o r  had e v e r  been in a h i g h l y  ,rt r a i n e d "  
s t a t e .  The c r i t e r i o n  measure  was t h a t  o f  t h e  combined oxygen 
s u p p l y ,  based upon t h e  maximal oxygen d e b t  t o l e r a t e d  and upon t h e  
p r o p o r t i o n  of  t o t a l  oxygen c o s t  o f  a s t a n d a r d ,  submaximal  e x e r c i s e
u t i l i z e d  d u r i n g  t h e  e x e r c i s e  p e r i o d .
The f i n d i n g s  i n d i c a t e d  p h y s i o l o g i c a l  r e s p o n s e s  a s s o c i a t e d  
w i t h  maximal work showed p r a c t i c a l l y  no s i g n i f i c a n t  r e l a t i o n s h i p  
t o  pe r fo r ma n c e  o r  t o  t h e  oxygen s up p l y  c r i t e r i o n ,  and t h e  r e l a t i o n ­
s h i p  found between h e a r t  r a t e  and oxygen p u l s e  a s s o c i a t e d  w i t h  
submaximal  work and t he  combined oxygen s u p p l y  and pe r f o r ma nc e
me a su r e s  was s l i g h t .
9 / \Kozar used a t e l e m e t r y  s y s t em c o n s i s t i n g  o f  (1)  a t r a n s ­
i s t o r i z e d  w i r e l e s s  t r a n s m i t t e r ,  (2) an F.M. r e c e i v e r  and a m p l i f i e r ,
g
P a u l i n e  Hodgson,  A l i c e  F. Lopez,  Mary P i l l i a r d ,  and Ann S. 
Neqmen, "A Study o f  Some R e l a t i o n s h i p s  Between P e r fo r manc e  T e s t s  
and C e r t a i n  P h y s i o l o g i c a l  Measures  A s s o c i a t e d  w i t h  Maximal and 
Submaximal Work,"  Resea r c h  Q u a r t e r l y , Vol .  17 ( O c t o b e r ,  19^6) ,  
208-22A.
a
Andrew J .  Kozar ,  " T e l e m e t e r e d  H e a r t  Ra t es  Recorded Dur ing  
Gymnas t i c  R o u t i n e s , "  Resea rch  Q u a r t e r l y , Vol .  3^ (19&3) j 102-106.
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and (3)  a t wo-channe l  p a p e r  r e c o r d e r .  One s u b j e c t  was used in f i v e
g y mna s t i c  e v e n t s  c o n s i s t i n g  o f  two p a r a l l e l  b a r  r o u t i n e s ,  h i gh  b a r ,
s i d e  h o r s e ,  and s t i l l  r i n g  r o u t i n e s .  Pe r fo r ma n c e  in a l l  f i v e  
a c t i v i t i e s  was a c c o mp l i sh e d  in a one hour  p e r i o d  o f  t i me .  Hea r t  
r a t e s  were  r e c o r de d  f o r  p o s t  warm-up d u r i n g  each  e v e n t  and f o r  one 
mi nu t e  a f t e r  t h e  e v e n t  was c o m p l e t e d .  Hea r t  r a t e s  r eac hed  peaks  o f  
169 b e a t s  p e r  mi n u t e  w h i l e  s u b j e c t s  pe r fo rmed  on t h e  p a r a l l e l  b a r s  
a s  compared t o  150 b e a t s  p e r  m i nu t e  f o r  t h e  second p a r a l l e l  b a r  
r o u t i n e .  The h e a r t  r a t e  r e s p o n s e  t o  t h e  h igh b a r  r o u t i n e  was 165 
b e a t s  p e r  m i n u t e ,  159 b e a t s  p e r  mi nu t e  f o r  t h e  s i d e  h o r s e  r o u t i n e ,
and a peak o f  160 b e a t s  p e r  mi nu t e  f o r  t h e  s t i l l  r i n g s .  Kozar
c o n c l ud e d  t h a t  t h e  i n f o r m a t i o n  from t h i s  s t u d y  r e p r e s e n t e d  a new 
a p p l i c a t i o n  o f  t e l e m e t r y  t o  r e s e a r c h  p r o c e d u r e s  w h i l e  p e r f o r m i n g  
v a r i o u s  a c t i v i t i e s .
Nagle  and B e d e c k i ^  t e s t e d  f o r t y - f o u r  s u b j e c t s  in an a l l - o u t  
run on a mot or  d r i v e n  t r e a d m i l l .  The t i me s  f o r  a t t a i n i n g  h e a r t  
r a t e s  o f  150, 160, 170, and 180 b e a t s  p e r  mi n u te  were  r e c o r de d  
a l o n g  w i t h  measurement s  o f  v e n t i l a t i o n ,  oxygen u p t a k e  and c a r bon  
d i o x i d e  p r o d u c t i o n .  The c o r r e l a t i o n s  between h e a r t  r a t e  t i mes  and 
t i me s  f o r  t h e  a l l - o u t  run i n c r e a s e d  w i t h  t h e  h e a r t  r a t e  a t t a i n e d .  
The h i g h e s t  c o r r e l a t i o n  c o e f f i c i e n t  was .85  a t  t h e  180 b e a t s  p e r  
m i n u t e .  I t  was c o nc l ud e d  t h a t  t h e  180 b e a t s  p e r  mi nu t e  s e r v e d  as
J .  Nagle  and T. G. B e d e c k i ,  "Use o f  180 H e a r t  Rate  
Response  a s  a Measure o f  C i r c u l o r e s p i r a t o r y  C a p a c i t y , "  Res ea r c h  
Q u a r t e r l y . Vol .  3^ (1 9 6 3 ) ,  361- 3 6 9 .
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a v a l i d  c u t - o f f  p o i n t  in m e a s u r i n g  c i r c u 1o r e s p i r a t o r y  c a p a c i t y  under  
v a r i o u s  e x e r c i s e  s t r e s s  c o n d i t i o n s .
Elbel  and Green ' ^  s t u d i e d  t h e  c a r d i o v a s c u 1a r  r e s po ns e  t o  
s t a n d a r d  amounts  of  e x e r c i s e  f o r  p e r i o d s  o f  t h i r t y  and s i x t y  seconds  
on benches  of  t we l ve  t o  t wen t y  i nc hes  in h e i g h t .  They r e p o r t e d  t h a t  
t h e  p u l s e  r a t e s  t a k e n  f o r  t h i r t y  s econds  b e g i n n i n g  one mi n u t e  a f t e r  
e x e r c i s e  were p r a c t i c a l l y  t h e  same f o r  t h e  v a r i o u s  h e i g h t s  o f  t he  
benches  and t he  d u r a t i o n s  o f  e x e r c i s e .  A f t e r  t h i r t y  s econds  of  
e x e r c i s e ,  t he  a v e r a g e  i nc r e me n t  was t h r e e  and o n e - h a l f  b e a t s  pe r  
mi nu t e  f o r  each  t w o - i n c h  i n c r e a s e  in t h e  h e i g h t  o f  t h e  bench .  A f t e r  
s i x t y  seconds  o f  e x e r c i s e ,  t he  i nc r e me n t  was found t o  be f i v e  and 
o n e - h a l f  b e a t s  pe r  mi nu t e  f o r  each  t w o - in c h  i n c r e a s e .  The h e i g h t  of  
t h e  bench f o r  t h e  s t e p - u p  e x e r c i s e  a s  used in t h i s  s t u d y  d i d  not  
s i g n i f i c a n t l y  a l t e r  t h e  p u l s e  r a t e  when r e c o r d i n g s  were made a f t e r
one mi nu t e  o f  e x e r c i s e .
12T a y l o r  t e s t e d  t h i r t y - o n e  s u b j e c t s  on a f o u r  mi nu t e  walk  on 
a t r e a d m i l l  and a run t o  e x h a u s t i o n  a f t e r  a f o u r  mi nu t e  i n t e r i m  
r e s t .  The s u b j e c t s  were  r e t e s t e d  a f t e r  t h r e e  d a y s .  H e a r t  and 
r e s p i r a t i o n  r a t e s ,  v e n t i l a t i o n ,  b lood l a c t a t e ,  and oxygen consumpt ion
^ E d w i n  R. El be l  and E. L. Green,  " P u l s e  Re a c t i on  t o  P e r ­
f o r mi ng  S t e p -u p  E x e r c i s e s  on Benches  o f  D i f f e r e n t  H e i g h t s , "  The 
Amer ican J o u r n a l  o f  P h y s i o l o g y , Vol .  1^5 ( F e b r u a r y ,  19^5) ,  521-527 .
12 Cr a i g  T a y l o r ,  "Some P r o p e r t i e s  o f  Maximal and Submaximal 
E x e r c i s e  w i t h  R e f e r e n c e  t o  P h y s i o l o g i c a l  V a r i a t i o n  and t h e  Measure ­
ment  o f  Exerc i  se  T o l e r a n c e , "  The Amer i can  Jou r n a 1 o f  Phys i o l o g y ,
Vol .  142 (Sep t ember ,  1944) ,  200-211 .
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were  d e t e r m i n e d  d u r i n g  t h e  wa l k  and d u r i n g  t h e  l a s t  mi nu t e  o f  t he  
run .  The f i r s t  t h r e e  measure s  were  t a ken  t h r o u g h o u t  b o t h  walk  and 
run .  The f i n d i n g s  i n d i c a t e d  t h a t ,  in g e n e r a l ,  t h e r e  was l e s s  i n t r a ­
i n d i v i d u a l  v a r i a t i o n  in maximal work than  in submaximal  work.  Hea r t  
r a t e  and blood l a c t a t e  were t h e  most  r e l i a b l e  submaximal  measure s  
bu t  had t o  be a pp r ox i ma t e d  in maximal work by p e r  c e n t  o f  oxygen 
and oxygen consumpt i on .  H e a r t  r a t e ,  v e n t i l a t i o n ,  b lood l a c t a t e  
and r e s p i r a t i o n  r a t e  a t  t he  maximal mi nu t e  of  t h e  run showed no 
s i g n i f i c a n t  c o r r e l a t i o n  w i t h  t i me  o f  r u n n i n g ,  t hus  i n d i c a t i n g  t h a t  
a l l  s u b j e c t s  t ended  t o  r each  i n d i v i d u a l l y  v a r y i n g  c e i l i n g s  which 
were  u n r e l a t e d  t o  t h e  t i me  of  r un n i n g .  P e r c e n t a g e s  o f  oxygen and 
ca r bon  d i o x i d e  and oxygen consumpt ion  were  m o d e r a t e l y  c o r r e l a t e d  
w i t h  t h e  run t i me s .  Th i s  s u g g e s t e d  t h a t  s u b j e c t s  who were  more f i t  
p o s s e s s e d  g r e a t e r  c i r c u l a t o r y  r e s e r v e .  The h i gh  c o r r e l a t i o n  
a c h i e v e d  between l e n g t h  o f  t i me  run and the  h e a r t  r a t e  b a t t e r y
s e r v e d  as  a v e r y  r e l i a b l e  index o f  a d a p t a t i o n  t o  maximal e x e r c i s e .
13Montoye s t u d i e d  t h e  p h y s i o l o g i c a l  e f f e c t s  o f  a f i v e  
mi nu t e  run on a t r e a d m i l l  a t  seven  m i l e s  p e r  h ou r ,  8 . 6  p e r  c e n t  
g r a d e ,  on t w e n t y - o ne  s u b j e c t s .  Maximum p u l s e  r a t e s  were  r e c o r de d  
c o n t i n u o u s l y  by means o f  a c a r d i o t a c h o m e t e r . Blood sampl es  were 
t a ken  f i v e  mi nu t e s  a f t e r  t he  end o f  e x e r c i s e  and t h e  l a c t a t e  
l e v e l  was d e t e r m i n e d .  I n d i v i d u a l  and mean s c o r e s  were g i ve n  f o r
13 Henry J .  Montoye,  111 n t e r - r e 1 a t  ion o f  Maximum P u l s e  Rate  
Dur ing  Modera te  E x e r c i s e ,  Recovery P u l s e  Ra t e ,  and P o s t - E x e r c i s e  
Blood L a c t a t e , "  Resea rch  Q u a r t e r l y , Vol .  3^ ( 19 5 3 ) ,  ^ 5 3 - ^ 5 8 .
17
t h e  s u b j e c t s  b e f o r e  and a f t e r  a twe l ve  week t r a i n i n g  program.  
C o r r e l a t i o n  c o e f f i c i e n t s  among r e c o v e r y  index ,  maximum p u l s e  
r a t e ,  and l a c t a t e  were l a r g e r  in e v e r y  i n s t a n c e  a f t e r  a p e r i o d  
o f  t r a i n i n g .
14Bruce,  J o n e s ,  and S t r a i t  s t u d i e d  t h e  e f f e c t s  o f  submaximal  
e x e r t i o n  and a c u t e  maximal e x e r t i o n  on f o r me r  v a r s i t y  a t h l e t e s ,  
a c t i v e  p h y s i c a l  e d u c a t i o n  m a j o r s ,  and v a r s i t y  s p o r t s  a t h l e t e s .
Group 1A c o n s i s t e d  o f  f o r me r  v a r s i t y  a t h l e t e s ,  and t he  a c t i v e  
p h y s i c a l  e d u c a t i o n  ma j o r s  composed Group IB. The v a r s i t y  s p o r t s  
a t h l e t e s  were  s u b - d i v i d e d  i n t o  Groups II and I I I .  Each group 
c o n t a i n e d  e i g h t  s u b j e c t s .  The 1A and IB g roups  p a r t i c i p a t e d  in 
a t r e a d m i l l  walk  a t  f i v e  m i l e s  p e r  hour  and 18 p e r  c e n t  g r ad e  f o r  
t h r e e  mi n u t e s  p r i o r  t o  r un n i n g  a t  s i x  and o n e - h a l f  m i l e s  pe r  hour ,  
and a t  a 25 p e r  c e n t  g r ad e  u n t i l  e x h a u s t i o n .  Group II s u b j e c t s  
were  s t u d i e d  w h i l e  w a l k i ng  a t  1.7 m i l e s  p e r  hour  a t  a 10 p e r  c e n t  
g r a d e ,  3 . 4  m i l e s  p e r  hour  a t  a 14 p e r  c e n t  g r a d e ,  and f i v e  m i l e s  
p e r  hour  a t  an 18 p e r  c e n t  g r a d e ,  each f o r  t h r e e  m i n u t e s ,  p r i o r  
t o  runn i ng  a t  s i x  m i l e s  p e r  hour  and 22 p e r  c e n t  g r ad e  u n t i l  
e x h a u s t i o n .  Group 111 p e dd l ed  a b i c y c l e  e r g o m e t e r  w i t h o u t  i n t e r ­
r u p t i o n  w i t h  t h e  work load i n c r e a s e d  e v e r y  f i v e  mi n u te s  u n t i l  
e x h a u s t i o n .  The work load began a t  150 Kg/min t h e n  i n c r e a s e d
14 Rober t  A. Bruce ,  John W. J o n e s ,  and Gai l  B. S t r a i t ,  
" A n a e r ob ic  M e t a b o l i c  Responses  t o  Acute Maximal E x e r c i s e  in Male 
A t h l e t e s , "  Amer ican Hea r t  J o u r n a l ,  Vol .  67 ( 1 9 6 4 ) ,  643-650 .
t o  500,  1000,  1250,  1500,  and 1750- He a r t  r a t e s  were  r e c o r d e d  f rom 
a p r e c o r d i a l  e l e c t r o c a r d i o g r a m  a t  t h e  p o i n t  of  e x h a u s t i o n .  Hea r t  
r a t e  means ranged f rom 184 b e a t s  p e r  mi nu t e  w i t h  Group I I I  in t he  
b i c y c l e  e r g o m e t e r  e x e r c i s e ;  188 f o r  Group II in t h e  t r e a d m i l l  
e x e r c i s e ;  and 195 f o r  Group IA and 198 f o r  Group IB in t h e  t r e a d m i l l  
e x e r c i s e .  These  d i f f e r e n c e s  in t h e  f o u r  t y p e s  o f  e x h a u s t i v e  work 
were  n o t  s i g n i f i c a n t .
U t i l i z i n g  e l e v e n  Yukon T e r r i t o r y  I n d i a n s  as  s u b j e c t s ,
Anderson and o t he r s* ' *  found a l i n e a r  r e l a t i o n s h i p  between h e a r t  
r a t e  and m e t a b o l i c  r a t e  f o r  p e r f o r m i n g  m u s c u l a r  e x e r c i s e  in an 
a p p a r e n t l y  s t e a d y  s t a t e .  A b i c y c l e  e r g o m e t e r  o f  t h e  me chan i ca l  
b r a k i n g  t y p e  was used t o  p r o d u c e  w or k l o a d s  o f  300,  600,  and 900 
Kg/min.  The s u b j e c t s  e x e r c i s e d  f rom t h r e e  t o  f i v e  m i n u t e s  b e f o r e  
gas  sampl es  and h e a r t  r a t e  measurement s  were  t a k e n  in o r d e r  t o  
o b t a i n  an a p p a r e n t l y  s t e a d y  s t a t e  o f  r e s p i r a t o r y  gas  excha nge .
I t  was shown t h a t  t he  maximal  oxygen i n t a k e  d u r i n g  work o c c u r r e d
when t h e  h e a r t  r a t e  r e a c h e d  a l e v e l  o f  180 b e a t s  p e r  m i n u t e .
16Kozar  s t u d i e d  t h e  r e l a t i v e  s t r e n u o u s n e s s  o f  s i x  s e l e c t e d  
s p o r t s ;  h a n d b a l l ,  p a d d l e b a l l ,  t e n n i s ,  ba dmi n t on ,  v o l l e y b a l l ,  and 
bowl i ng ,  u t i l i z i n g  h e a r t  r a t e  f o r  a g i v e n  t i me  o f  p a r t i c i p a t i o n
15K. L. Ande r s on ,  A. B o l s t a d ,  Y. Loyning,  and L. I r v i n g ,  
" P h y s i c a l  F i t n e s s  o f  A r c t i c  I n d i a n s , "  J o u r n a l  o f  App l i e d  P h y s i o l o g y , 
Vol .  15 ( J u l y ,  I 9 60 ) ,  645-650 .
16Andrew J .  Kozar ,  "A Study o f  T e l e m e t e r e d  He a r t  Ra t e  Dur ing  
S p o r t s  P a r t i c i p a t i o n  o f  Young A d u l t  Hen , "  ( m i c r o c a r d e d  D o c t o r a l  
d i s s e r t a t i o n ,  U n i v e r s i t y  o f  Mi ch i gan ,  Ann Ar bo r ,  19 6 1).
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as  t h e  c r i t e r i o n  f o r  d e t e r m i n i n g  s e v e r i t y .  T e l e m e t e r ed  h e a r t  r a t e  
r e c o r d s  were  o b t a i n e d  from t w e n t y - t h r e e  a d u l t  men d u r i n g  s p o r t s  
p a r t i c i p a t i o n .  Each s u b j e c t  warmed up f o r  a two mi nu t e  p e r i o d  
p r i o r  t o  a c t i v i t y .  Hea r t  r a t e s  b e f o r e  and a f t e r  warm-up were  
r ec o r de d  as  wel l  as  a f t e r  t h e  f i r s t  two mi nu t e s  o f  a c t i v i t y  and 
e v e r y  two m i n u t e s  t h e r e a f t e r .  Recovery r a t e s  were  r ec o r de d  th r ough  
t e n - s e c o n d  sampl es  each  mi nu t e  f o r  a f i v e  mi nu t e  p e r i o d .  The mean 
h e a r t  r a t e s  in h a n d b a l l ,  p a d d l e b a l l ,  t e n n i s ,  and badminton d id  
n o t  d i f f e r  s i g n i f i c a n t l y .  The f i n d i n g s  a l s o  s u p p o r t e d  t h e  t h e o r y  
t h a t  a c c e l e r a t i o n  o f  h e a r t  r a t e  in a n t i c i p a t i o n  o f  e x e r c i s e  i s  
u n a s s o c i a t e d  w i t h  a c t u a l  e n e r g y  e x p e n d i t u r e  in t h e  a c t i v i t y .
A r m s t r o n g ^  i n v e s t i g a t e d  t h e  e f f e c t s  o f  p a r t i c i p a t i o n  in 
s e l e c t e d  a c t i v i t i e s  on t he  h e a r t  r a t e  r e c o v e r y  o f  c o l l e g e  women. 
S i x t e e n  c o l l e g e  women between the  ages  o f  e i g h t e e n  and t w e n t y - f i v e  
y e a r s  o f  age  p a r t i c i p a t e d  in ba dmi n t on ,  b a s k e t b a l l ,  d a n ce ,  and 
r unn i ng  in c o m b i n a t i on  wi t h  w a l k i n g .  Hea r t  r a t e s  were  measured 
d u r i n g  t h e  a c t i v i t y  f o r  a f i f t e e n - m i n u t e  t ime p e r i o d  and a f i v e -  
m i nu t e  r e c o ve r y  p e r i o d .  I t  was found t h a t  t h e  g r e a t e s t  d e c l i n e  in 
p u l s e  r a t e  o c c u r r e d  d u r i n g  t h e  f i r s t  mi nu t e  o f  r e c o v e r y .  The second 
h i g h e s t  r a t e  o f  r e c o v e r y  o c c u r r e d  between t he  one mi nu t e  and t he  two 
m i nu t e  r e c o r d i n g  p e r i o d s .  The r e c o v e r y  a t  t he  end o f  t h r e e  mi nu t e s  
was a l mo s t  as  g r e a t  as  a t  f i v e  m i n u t e s .
^ J o a n  Ar ms t r ong ,  "The E f f e c t s  o f  P a r t i c i p a t i o n  in S e l e c t e d  
A c t i v i t i e s  on t he  H e a r t  Rate  of  C o l l e g e  Women," ( u n p u b l i s h e d  M a s t e r ' s  
t h e s i s ,  U n i v e r s i t y  o f  Wash ing t on ,  1964) .
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] 8Tuckman and S c h i 11i n g f o r d  s t u d i e d  h e a r t  r a t e  changes  w i t h  
r e ga r d  t o  t i l t  p o s i t i o n  o f  t h e  body wi t h  t h i r t y - t h r e e  s u b j e c t s ,  
t w e n t y - e i g h t  women and f i v e  men, whose a v e r a g e  age was t h i r t y - s e v e n  
y e a r s .  Al l  s u b j e c t s  r e s t e d  f o r  t h i r t y  m i n u t e s  b e f o r e  r e a d i n g s  were 
t a k e n .  Each s u b j e c t  was t i l t e d  t o  p o s i t i o n s  o f  t e n ,  t w e n t y ,  t h i r t y ,  
f o r t y ,  f i f t y ,  and s i x t y  d e g r e e s  and r e a d i n g s  were  t a k e n  w i t h  a 
s t e t h o s c o p e  a t  i n t e r v a l s  o f  seven m i n u t e s .  The h e a r t  r a t e  remained 
e s s e n t i a l l y  unchanged a t  t e n  and t wen t y  d e g r e e s  b u t  d i d  i n c r e a s e  
from s e v e n t y - s e v e n  t o  e i g h t y - t h r e e  a t  t h i r t y  d e g r e e s  and from 
s e v e n t y  t o  e i g h t y - t h r e e  be tween f o r t y  and s i x t y  d e g r e e s .  Thi s  
i n d i c a t e d  t h a t  r e s t i n g  h e a r t  r a t e s  s hou l d  be c o l l e c t e d  in a s u p i n e
p o s i t i o n ,  o r  a p o s i t i o n  o f  l e s s  t han  t wen t y  d e g r e e s .
19In 195^,  Henry c o nc l uded  t h a t  r e s t i n g  h e a r t  r a t e  c o n s t i ­
t u t e s  a u s e f u l  i n d i c a t i o n  o f  t h e  c a r d i o v a s c u l a r  a s p e c t  o f  a t h l e t i c  
c o n d i t i o n i n g .  C a r d i o v a s c u 1a r  change  in e i g h t e e n  c o l l e g e  a t h l e t e s  
i n c l u d i n g  f i v e  d i s t a n c e  o r  mi dd l e  d i s t a n c e  r u n n e r s ,  f i v e  w r e s t l e r s  
o r  b o x e r s ,  f i v e  b a s e b a l l  p l a y e r s  and t h r e e  w a t e r  p o l o  p l a y e r s ,  
were measured d u r i n g  and a f t e r  a s e a s on  o f  c o m p e t i t i v e  a t h l e t i c s .
A c o e f f i c i e n t  o f  c o r r e l a t i o n  o f  .76  v e r i f i e d  t h a t  r e s t i n g  h e a r t
18 John Tuckman and John S h i 11i n g f o r d , “ E f f e c t  o f  D i f f e r e n t  
Degrees  of  T i l t  on C a r d i a c  Ou t pu t ,  He a r t  R a t e ,  and Blood P r e s s u r e  
in Normal Man,11 B r i t i s h  He a r t  J o u r n a l , Vol .  28 (1966) ,  32 - 39 .
19 F. M. Henry,  “ I n f l u e n c e  o f  A t h l e t i c  T r a i n i n g  on t he  
R e s t i n g  C a r d i o v a s c u l a r  S y s t e m , 11 Resea r ch  Q u a r t e r l y , Vol .  25,  No. 1
(195*0,  2 8 .
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r a t e ,  as a t e s t  o f  t h e  e f f e c t  o f  a t h l e t i c  t r a i n i n g ,  was s i g n i f i c a n t l y  
v a 1 id.
20Ricc i  and o t h e r s  i n v e s t i g a t e d  t h e  r e c o v e r y  p a t t e r n s  f o l l o w ­
ing t r e a d m i 11 r un n i n g  in s u b j e c t s  o f  e x c e l l e n t  h e a l t h .  The p r i m a r y  
p u r pos e  o f  t h i s  s t u d y  was t o  compare t h e  r e c o v e r y  r a t e s  o f  s u b j e c t s  
a f t e r  work w h i l e  s t a n d i n g  and w h i l e  w a l k i n g .  A motor  d r i v e n  
t r e a d m i l l ,  o p e r a t e d  a t  a speed o f  t e n  m i l e s  p e r  hour  and a t  a 10 
p e r  c e n t  g r a d e ,  was used f o r  t h e  e x e r c i s e .  Work was pe r fo rmed  d a i l y  
f o r  a t h r e e  mi nu t e  d u r a t i o n .  The d e g r e e  and d u r a t i o n  of  work was 
e s t a b l i s h e d  t o  p r o v i d e  a c h a l l e n g i n g ,  y e t  n o t  e x h a u s t i n g ,  i n t e n s i t y .  
The a v e r a g e  h e a r t  r a t e  d u r i n g  r e s t  p r i o r  t o  t h e  e x e r c i s e  ranged 
f rom s i x t y  t o  n i n e t y - f o u r ;  t he  r ange  in c a r d i a c  f r e q u e n c y  r eco r ded  
d u r i n g  work was 165 t o  190. I t  was conc l ud e d  t h a t  t h e r e  was no 
s i g n i f i c a n t  d i f f e r e n c e  in t h e  h e a r t  r a t e s  r e c o r de d  w h i l e  s t a n d i n g
d u r i n g  r e c o ve r y  and w a l k i n g  d u r i n g  r e c o v e r y .
21Newton c onduc t ed  a s t u d y  t o  d e t e r m i n e  t he  maximal r a t e  a t  
which oxygen can be consumed w i t h  s u b j e c t s  r a n g i n g  in age from 
n i n e t e e n  t o  s e v e n t y  and in c o n d i t i o n  r a n g i n g  f rom poor  t o  e x c e l l e n t .  
The work loads  were :  (1) a m o d i f i c a t i o n  o f  t he  Ba l ke  t e s t ;  (2) a
20 B. R i c c i ,  P.  Bogan,  A. Hadley ,  R. S h a n o f e l t ,  E. S u l l i v a n ,
L. Gor ton ,  and V. Hubbard,  "Compar i son  of  Recovery P r a c t i c e s  
Fo l l owi ng  Tr ea d m i l l  Running E x e r c i s e , "  The J o u r n a l  o f  S p o r t s  
Med i c i ne  and P h y s i c a l  F i t n e s s , Vol .  5 (December,  1965) .  132-135.
2 1J e r r y  L. Newton,  "The Ass es s men t  o f  Maximal Oxygen I n t a k e , "  
The Jou rna l  o f  S p o r t s  Med i c i ne and Phys i c a 1 Fi t n e s s , V o l . 13 
(December ,  1963) ,  191-200.
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t r e a d m i l l  t e s t  w i t h  t he  r a t e  and g r a de  a d j u s t e d  t o  t he  c a p a c i t y  of
t h e  i n d i v i d u a l ;  and ( 3 ) t h e  b i c y c l e  e r g om e t e r  t e s t  w i t h  t he  b r a k e ­
load a d j u s t e d  t o  t he  c a p a c i t y  o f  t h e  i n d i v i d u a l .
To c a r r y  o u t  t h e  Balke  t e s t ,  t h e  s u b j e c t s  began wa l k i ng  
on t he  t r e a d m i l l  on t h e  l e v e l  a t  5 . 4  k i l o g r a m s  p e r  h ou r .  At t he
b e g i n n i n g  of  t h e  second and each  s u c c e e d i n g  m i n u t e ,  t h e  t r e a d m i l l
g r ad e  was e l e v a t e d  1 p e r  c e n t .  The s u b j e c t s  were  n o t  s t o p p e d  when 
the y  had a t t a i n e d  a h e a r t  r a t e  o f  a p p r o x i m a t e l y  180 b e a t s  p e r  
m i n u t e ,  which i s  t h e  normal  c r i t i c a l  c u t - o f f  p o i n t ,  b u t  were 
a l l owed  t o  c o n t i n u e  u n t i l  e x h a u s t e d .
The Cure t on  " a l l - o u t  run"  was c a r r i e d  o u t  on a mot or  d r i v e n  
t r e a d m i l l  a t  t e n  m i l e s  p e r  hour  on a g r ade  o f  8 . 6  p e r  c e n t .  The 
b i c y c l e  e r g o m e t e r  work l oad  was v a r i e d  f o r  each  s u b j e c t  and chosen  
so as  t o  p r oduce  e x h a u s t i o n  in a p p r o x i m a t e l y  f i v e  m i n u t e s .  The 
s u b j e c t  p e d a l e d  a t  a c o n s t a n t  r a t e  o f  f i f t y  r e v o l u t i o n s  p e r  mi nu t e .  
The t r e a d m i l l  run was a d j u s t e d  t o  a speed and g r a d e  f o r  each  s u b j e c t  
which would c a u s e  e x h a u s t i o n  in t h r e e  t o  f i v e  m i n u t e s .  The f i n d i n g s  
in  t h i s  s t u d y  i n d i c a t e d  t h e  Ba l ke  t e s t  and t r e a d m i l l  run i n c o r ­
p o r a t e d  more r e a l i s t i c  work r a t e s  than  t h e  o t h e r  t e s t s  in c o l l e c t i n g  
volume o f  oxygen i n t a k e .
22Ast r a n d  and , i g ,  in c a l c u l a t i n g  a e r o b i c  c a p a c i t y  f rom
22 P. 0.  A s t r a n d  and Irma Rhymig,  "Monogram f o r  C a l c u l a t i o n  
o f  Ae r ob i c  C a p a c i t y  ( P h y s i c a l  F i t n e s s )  From P u l s e  Rat e  Dur ing 
Submaximal Work, "  J o u r n a l  o f  App l i e d  P h y s i o l o g y , Vol .  7 (Sep t ember ,  
1 9 5 4 ) ,  2 1 8 - 2 2 1 .
^
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submaximal  work h e a r t  r a t e s ,  i n d i c a t e d  t h a t  a t yp e  o f  work must  be 
chosen  which engages  l a r g e  g roups  o f  mus c l e s  a t  a r e l a t i v e l y  h igh  
work l e v e l .  A f u r t h e r  c r i t e r i o n  was t h a t  t h e  d u r a t i o n  o f  work had 
t o  be long enough t o  p e r m i t  a d j u s t m e n t  o f  t h e  c i r c u l a t i o n  and 
v e n t i l a t i o n  t o  t he  l e v e l  o f  e x e r c i s e .  The d u r a t i o n  o f  work in 
t h i s  s t u d y  was f i v e  t o  s i x  m i n u t e s .  The b e s t  r e s u l t s  were  o b t a i n e d  
when t h e  t e s t  work was of  such a s e v e r i t y  t h a t  t h e  h e a r t  r a t e  
d u r i n g  s t e a d y  s t a t e  r eached  a l e ve l  somewhere between 125 and 170
b e a t s  p e r  m i n u t e .
23F l e t c h e r  t e s t e d  t we l v e  s u b j e c t s  on a s t e p  t e s t  u s i n g  a 
bench o f  t wen t y  i nches  in h e i g h t  and a t  a ca d e n c e  o f  t h i r t y  
c o mp l e t e  s t e p s  e v e r y  mi n u t e  u n t i l  e x h a u s t e d .  He found t h a t  non­
a t h l e t e s  were  n o t  a b l e  t o  s t e p  f o r  as  long as  a t h l e t e s ,  i n a c t i v e  
s u b j e c t s  as  long as  a c t i v e  o n e s ,  o r  a t h l e t e s  o u t  o f  t r a i n i n g  as  
long as  t h o s e  in f u l l  t r a i n i n g .
2kShe pha r d ,  in r e p o r t i n g  a r ev i e w o f  o r i g i n a l  p a p e r s ,  
p o i n t e d  ou t  t h a t  i t  was g e n e r a l l y  ag r ee d  t h a t  p u l s e  r a t e  i n c r e a s e s  
p r o g r e s s i v e l y  w i t h  i n c r e a s e s  in oxygen c o ns umpt ion .  I f  o t h e r  
v a r i a b l e s  such a s  e n v i r on m e n t a l  s t r e s s ,  t e m p e r a t u r e ,  p o s t u r e ,  and 
h y d r a t i o n  a r e  c o n t r o l l e d ,  t h i s  r e l a t i o n s h i p  can be e x p l o i t e d  t o
23 J .  G. F l e t c h e r ,  "Maximal Work P r o d u c t i o n  in Man," J o u r n a l  
o f  App l i ed  P h y s i o l o g y , Vol .  15 ( Sep t ember ,  I 9 60 ) ,  287-298 .
2k R. J .  Shepha r d ,  " P h y s i o l o g i c a l  D e t e r m i n a n t s  o f  C a r d i o -  
r e s p i  r a t o r y  Fi t n e s s , "  J o u r n a l  o f  S p o r t s  Med i c i n e  and P h y s i c a 1 
F j t n e s s . Vol .  7 (Sep t ember ,  19&7), 111-13^.
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p r e d i c t  maximal oxygen i n t a k e .  I t  was f u r t h e r  p o i n t e d  o u t  t h a t  
d u r i n g  s h o r t  b u r s t s  o f  e x h a u s t i v e  work,  p u l s e  r a t e s  as  h igh a s  250 
t o  300 may be e n c o u n t e r e d ;  w h e r e a s ,  in t h e  s t e a d y  s t a t e ,  t h e  p u l s e  
r a t e  o f  young men t e n d s  t o  r each  a p l a t e a u  a t  a r a t e  o f  f rom 170 
t o  180 b e a t s  p e r  mi n u t e  and r a r e l y  e x c e e d s  200.  The peak  l e v e l  i s  
s i m i l a r  in f ema l e  s u b j e c t s .  Shephard r e p o r t e d  t h a t  i t  i s  n o t  
a l t o g e t h e r  c l e a r  w h e t h e r  t h e  d i s c r e p a n c y  be tween t h e  s t e a d y  s t a t e  
p u l s e  p l a t e a u  and t h e  h i g h e r  v a l u e s  found in b r i e f  e x e r c i s e  i s  due 
t o  i n t r a c a r d i a c  o r  e x t r a - c a r d i a c  f a c t o r s .  The e f f i c i e n c y  o f  c a r d i a c  
a c t i v i t y  d e c r e a s e s  d r a m a t i c a l l y  once  a c e r t a i n  o u t p u t  has  been 
r e a c h e d .
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Ander son ,  i n v e s t i g a t e d  p h y s i o l o g i c a l  c o n s i d e r a t i o n s  in 
c o l l e c t i n g  d a t a  t o  measure  e n e r g y  e x p e n d i t u r e  c a p a c i t y  o f  a t h l e t e s .  
The f o l l o w i n g  p r o c e d u r e s  were recommended;  (1)  The d u r a t i o n  o f  t he  
e x e r c i s e  a t  sub-maximal  r a t e s  s h o u l d  be e i g h t  t o  t e n  m i n u t e s  in 
l e n g t h ;  (2)  Maximal work e x e r c i s e  shou ld  be pe r f o r me d  a t  a r a t e  
l e a d i n g  t o  e x h a u s t i o n  in a t i me  p e r i o d  o f  f i v e  t o  t h i r t y  s e c o nd s ;
(3)  When m u s c u l a r  e x e r c i s e s  a r e  used f o r  which t h e  work e f f i c i e n c y  
i s  c o n s t a n t ,  a e r o b i c  work c a p a c i t y  can  be a s s e s s e d  by r e l a t i n g  
h e a r t  r a t e  t o  work o u t p u t ;  (4) E x e r c i s e  t e s t s  f o r  e s t i m a t i n g  
e n e r g y  e x p e n d i t u r e  c a p a c i t i e s  i n c l u d e  t h e  t r e a d m i l l ,  b i c y c l e  
e r g o m e t e r ,  and s t e p  t e s t .
25 K. L. Ander son ,  “ Measurements  o f  Work C a p a c i t y , "  The 
J o u r n a l  o f  S p o r t s  Med i c ine and Phys i c a 1 Fi t n e s s , Vo] . 4 (December ,  
1964) ,  236-240 .
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The r e l a t e d  l i t e r a t u r e  p r e s e n t e d  in t h i s  c h a p t e r  c e n t e r e d  
a round  t h e  c a t e g o r i e s  o f  s t u d i e s  d e a l i n g  w i t h  t h e  measurement  o f  
h e a r t  r a t e s  b e f o r e ,  d u r i n g  and a f t e r  e x e r c i s e ,  and s t u d i e s  c o n c e r n ­
ing d u r a t i o n  and i n t e n s i t y  o f  wor kb o u t s .  Two s t u d i e s  in t he  
l i t e r a t u r e  i n d i c a t e d  t h a t  r e s t i n g  h e a r t  r a t e  can c o n s t i t u t e  a 
u s e f u l  t e s t  o f  t he  c a r d i o v a s c u l a r  a s p e c t  o f  c o n d i t i o n i n g  and found 
a t h l e t e s  t o  have lower  r e s t i n g  and a n t i c i p a t o r y  h e a r t  r a t e s  t han  
do n o n - a t h l e t e s .  Three  s t u d i e s  i n d i c a t e d  t h a t  p r e - e x e r c i s e  and 
a n t i c i p a t o r y  h e a r t  r a t e  a r e  u n a s s o c i a t e d  w i t h  a c t u a l  e n e r g y  e x p e n ­
d i t u r e  in t he  a c t i v i t y  b e i ng  pe r fo rmed  o r  o n e ' s  a b i l i t y  t o  pe r fo r m 
work.  One s t u d y  was found t o  s u p p o r t  t h e  p r o c e d u r e  of  c o l l e c t i n g  
r e s t i n g  h e a r t  r a t e  in a p o s i t i o n  o f  l e s s  t han  twent y  d e g r e e s  w i t h  
a s u p i n e  p o s i t i o n  b e i ng  p r e f e r r e d  o ve r  any o t h e r .
Two s t u d i e s  i n d i c a t e d  t r a i n i n g  d e c r e a s e d  h e a r t  r a t e s  d u r i n g  
e x e r c i s e  o v e r  a t we l ve  week p e r i o d .  Two s t u d i e s  r ev iewed i n d i ­
c a t ed  t h a t  h e a r t  r a t e  was t h e  most  r e l i a b l e  me asu r e  of  c a r d i o ­
v a s c u l a r  r e s p o n s e  t o  sub-maximal  work.  One s t u d y  i n d i c a t e d  t h a t  
t h e  g r e a t e s t  d e c l i n e  in p u l s e  r a t e  o c c u r r e d  d u r i n g  t h e  f i r s t  
mi nu t e  o f  r e c o v e r y .  The second h i g h e s t  r a t e  o f  r e c o v e r y  o c c u r r e d  
between one  and t wo- mi nu t e  r e c o r d i n g  p e r i o d s .  The r e c o v e r y  a t  t h e  
end o f  t h r e e  m i n u t e s  was a l mo s t  as  g r e a t  as  a t  t h e  end o f  f i v e  
m i n u t e s .  One s t u d y  i n d i c a t e d  t h a t  a f t e r  t h i r t y  s econds  of  
e x e r c i s e  in bench s t e p p i n g  in a m o d i f i c a t i o n  of  t h e  Harvard  S t ep  
T e s t ,  t he  d u r a t i o n  o f  s t e p p i n g  and h e i g h t  o f  bench f rom t we l ve
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t o  t w e n t y - f o u r  i n c h e s  p roduced  no s i g n i f i c a n t  d i f f e r e n c e s  in h e a r t  
r a t e  r ec o v e r y .
Two s t u d i e s  s u p p o r t e d  t he  h e a r t  r a t e  l e v e l  of  180 b e a t s  
p e r  mi nu t e  t o  be t h e  maximal oxygen i n t a k e  which can  be o b t a i n e d  
d u r i n g  work and i s  c o n s i d e r e d  to  be a v a l i d  l e ve l  t o  measure  c a r d i o ­
r e s p i r a t o r y  c a p a c i t i e s  under  v a r i a b l e  e x e r c i s e  s t r e s s  c o n d i t i o n s .
One s t u d y  s t a t e d  t h a t  h e a r t  r a t e  does  n o t  r eac h  an a b s o l u t e l y  
s t e a d y  s t a t e  d u r i n g  f o r t y - f i v e  mi nu t e s  o f  a c t i v i t y  b u t  c o n t i n u e s  
on a s low upward t r e n d  t h r o u g h o u t  t h e  e x e r c i s e .
Two s t u d i e s  r e p o r t e d  u s i n g  a motor  d r i v e n  t r e a d m i l l  a t  t e n  
m i l e s  p e r  hour  and from 8 t o  10 p e r  c e n t  g r a d e  t o  p r o d u c e  " a l l - o u t  
run"  and s u b - e x h a u s t i v e  wor kb o u t s .  One o f  t h e s e  s t u d i e s  used  a 
b i c y c l e  e r g o m e t e r  a t  a r a t e  o f  f i f t y  r e v o l u t i o n s  p e r  mi nu t e  f o r  
an e x t en de d  p e r i o d  o f  t ime in p ro d u c i n g  an e x h a u s t i v e  wor kbou t .
Two s t u d i e s  were  in ag r ee men t  t h a t  h e a r t  r a t e  o f  18 0 b e a t s  p e r  
mi nu t e  was s u f f i c i e n t  t o  measure  s u b j e c t  r e s p o n s e  t o  v a r i a b l e  
workbout  c o n d i t i o n s .  One o f  t h e s e  s t u d i e s  used t h e  b i c y c l e  
e r g o m e t e r  as  a means o f  p r od uc i n g  a w o r kb o u t .  One s t u d y  i n d i c a t e d  
workbou t  e x e r c i s e s  f o r  sub-maximal  r a t e s  s hou l d  be e i g h t  t o  t en  
mi nu t e s  in d u r a t i o n  and maximal work e x e r c i s e s  s hou l d  be pe r fo rmed  
a t  a r a t e  l e a d i n g  t o  e x h a u s t i o n  in a t i me  p e r i o d  of  f i v e  t o  t h i r t y  
s e c o n d s .
One s t u d y  s t a t e d  t h a t  f o r  t h e  e s t a b l i s h m e n t  o f  a sub-maximal  
workbout  a d u r a t i o n  o f  e x e r c i s e  mus t  e x i s t  t o  a l l o w  c i r c u l a t i o n  
and v e n t i l a t i o n  a d j u s t m e n t  of  125 t o  170 h e a r t  b e a t s  p e r  m i n u t e .
27
Two s t u d i e s  used a bench s t e p  f o r  a h i gh  s t r e s s  l e v e l  in me a s u r i ng  
p e r f o r m a n c e ,  and found t h a t  a h e a r t  r a t e  measure  f o r  a t h i r t y  
second p e r i o d  a f t e r  one m i nu t e  of  r e s t  was a v a l i d  me asur e  o f  a 
s u b j e c t ' s  r e s p o n s e  t o  t h e  a c t i v i t y .
CHAPTER I I I
PROCEDURE FOR THE STUDY 
lo OVERVIEW OF PROCEDURES
A s t e p  t e s t  was a d m i n i s t e r e d  t o  182 male  s u b j e c t s  t o  
e s t a b l i s h  c a r d i o v a s c u l a r  s t a t u s .  Two g roups  made up o f  t h i r t y  
s u b j e c t s  in each  group were  formed:  one c a r d i o v a s c u 1a r 1y f i t  and 
one c a r d i o v a s c u 1a r 1y u n f i t .  The s e l e c t i o n  and g r o u p i n g  o f  s u b j e c t s  
was based  on t h e  i ndex  s c o r e s  o f  t h e  Johnson and Robinson S h o r t  
Form Harvard  S t e p  T e s t . ^
Two wor kbou t s  were  e s t a b l i s h e d :  one o f  p r o lo n g e d  d u r a t i o n ,  
f i f t e e n  m i n u te s  o r  l o n g e r ,  and one o f  a h i gh  i n t e n s i t y  and s h o r t  
d u r a t i o n  o f  l e s s  t h a n  one m i n u t e .  A h e a r t  r a t e  l e ve l  o f  180 b e a t s  
p e r  mi n u t e  was r eac hed  in bo th  w o r k b o u t s .  Recovery h e a r t  r a t e  
r e c o r d i n g s  were  t a k e n  by means of  a c a r d i o t a c h o m e t e r  e v e r y  mi nu t e  
f o r  a p e r i o d  o f  f i f t e e n  m i n u t e s  a f t e r  e x e r c i s e  w i t h  t h e  s u b j e c t s  
in a s i t t i n g  p o s i t i o n .  R e s t i n g  and a n t i c i p a t o r y  h e a r t  r a t e  
r e c o r d i n g s  were  t a k e n  p r i o r  t o  each  o f  t he  two wor kbou t s  f o r  bo th  
t h e  f i t  and u n f i t  s u b j e c t s .
^Edward C. S c h n e i d e r  and P e t e r  V. Ka r po v i c h ,  P hy s i o l o q y  
o f  Muscu la r  A c t i v i t y  ( P h i l a d e l p h i a :  W. B. Saunder s  Company,
1953) ,  p.  2 7 0 .
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The s u b j e c t s  in t h i s  s t u d y  were s i x t y  ma le  s t u d e n t s  r a n g i n g  
in age  f rom n i n e t e e n  t o  t w e n t y - f i v e  y e a r s  f rom t h e  a c t i v i t y  c l a s s e s  
a t  t he  U n i v e r s i t y  o f  Sou t he r n  M i s s i s s i p p i ,  H a t t i e s b u r g ,  M i s s i s s i p p i .  
A s t e p  t e s t  was a d m i n i s t e r e d  t o  182 s u b j e c t s  t o  e s t a b l i s h  c a r d i o ­
v a s c u l a r  s t a t u s .  The c a r d i o v a s c u 1a r l y  f i t  g roup were  t h i r t y  
s u b j e c t s  w i t h  an index s c o r e  o f  e i g h t y  o r  above ,  and t h e  u n f i t  
g roup  were  t h i r t y  s u b j e c t s  w i t h  an index s c o r e  o f  f i f t y  o r  be low.
Any s u b j e c t  w i t h  an index s c o r e  between t h e  r ange  o f  e i g h t y  and 
f i f t y  was e x c l u d e d .
I I I .  TESTING EQUIPMENT 
2
Seth  Met ronome. A s p r i n g  o p e r a t e d  Se t h  Thomas Metronome
was used t o  e s t a b l i s h  and m a i n t a i n  t h e  c a d e nc e  f o r  t h e  s t e p  t e s t .
3
Qu i n ton  T r e a d m i 11. The Quinton T r e a d m i l l  was used as  t h e  
means o f  e x e r c i s i n g  in bo th  t h e  s h o r t  and p r o l o n ge d  d u r a t i o n  
w o r kb o u t s .  The t r e a d m i l l  used was a model Z b -72 ,  w i t h  a d j u s t a b l e  
s p e e d s  o f  z e r o  t o  f i f t e e n  m i l e s  p e r  hour  and e l e v a t i o n  g r a d e s  
f rom z e r o  t o  ^0 p e r  c e n t ,  equ i pp e d  w i t h  an e l e c t r i c  b r a k i n g  
s ys t em.
2Metronome,  S e t h  Thomas C l oc k ,  Thomaston,  C o n n e c t i c u t .
3
I n s t r u c t i o n  Manual r e g a r d i n g  T r e a d m i l l .  Qu i n t on  I n s t r u m e n t  
Company, S e a t t l e ,  Washingt on .
30
J= and M Sol  i d Wi r e  Card i o t a c  home t e r . The E and M sol  id 
w i r e  sys t em c a r d i o t a c h o m e t e r  was used t o  read t he  h e a r t  r a t e s .  The 
E and M s ys t em o p e r a t e s  w i t h  s u r f a c e  e l e c t r o d e s  he l d  in p l a c e  wi th  
d o u b l e  s u r f a c e  a d h e s i v e  w a s he r s  and e l e c t r o d e  c o n d u c t i n g  p a s t e .
The h e a r t  i mpu l s e  was f ed  i n t o  a c a r d i a c  p r e a m p l i f i e r  t o  i n c r e a s e  
t h e  b i o l e c t r i c  l e v e l  t o  a p o i n t  t h a t  was s u i t a b l e  t o  f eed  i n t o  t he  
T r a n s d u c e r - M o n i t o r - C o u p l e r .  The T r a n s d u c e r - M o n i t o r - C o u p 1e r  s e rved  
t o  r e g u l a t e  a low impedence o u t p u t  s i g n a l  s u i t a b l e  f o r  i n p u t  i n t o  
t h e  c a r d i o t a c h .  The c a r d i o t a c h  g r a p h i c a l l y  d i s p l a y e d  b e a t - b y - b e a t  
i n t e r v a l s ,  o r  a v e r a g e  h e a r t  r a t e s ,  on a s c a l e  o f  f rom z e r o  t o  250 
b e a t s  p e r  m i n u t e .
S t ep  Bench . A wooden bench t wen t y  i n c h e s  h i gh  and f i f t e e n  
f e e t  long was used t o  a d m i n i s t e r  t h e  Johnson  and Robinson Sho r t  
Form of  t he  Harvard  S t e p  T e s t .
IV. TESTING PROCEDURE
St e p  T e s t  f o r  S u b j e c t  S e l e c t i o n
The J ohnson  and Robinson S h o r t  Form o f  t h e  Harvard  S t ep  Test"* 
was used t o  e s t a b l i s h  f i t n e s s  l e v e l .  The t e s t  was pe r fo rme d  by 
f rom one t o  f i v e  s u b j e c t s  a t  a t i m e .  Each s u b j e c t  was a s s i g n e d  t o  
a g r a d u a t e  s t u d e n t  who was equ i pp e d  w i t h  a s t o p  watch  t o  r e c o r d  t h e
I n s t r u c t i o n  Manual ,  E and M S o l i d  Wire C a r d i o t a c h o m e t e r . 
E and M I n s t r u m e n t  Company, I n c . ,  Hous ton ,  Texas .
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S c h n e i d e r  and Kar po v i c h ,  l o c . c i t .
l e n g t h  o f  e x e r c i s e  t i me  in s econds  and t o  t a k e  t h e  p u l s e  c o u n t .  The 
t e s t  was pe r fo rme d  a t  a r a t e  o f  t h i r t y  s t e p s  p e r  mi nu t e  and f o r  a 
d u r a t i o n  o f  f i v e  m i n u t e s  o r  u n t i l  t he  s u b j e c t  was no l o n ge r  a b l e  t o  
m a i n t a i n  t h e  c a d e n c e .  The c a d e nc e  was e s t a b l i s h e d  by use  o f  a 
metronome and t h e  t i me  was k e p t  by a s t o p  wa t c h .  The m a s t e r  t i me r  
p o s i t i o n e d  eac h  s u b j e c t  in t h e  s t a r t i n g  p o s i t i o n  w i t h  one f o o t  on 
t h e  s t e p  bench .  Each c o u n t e r  s t a r t e d  h i s  watch on t h e  s i g n a l  from 
t h e  m a s t e r  t i m e r .  The e x e r c i s e  c o n t i n u e d  f o r  a d u r a t i o n  o f  f i v e  
m i n u t e s  o r  u n t i l  t he  s u b j e c t  was u n a b l e  t o  c o n t i n u e  s t e p p i n g .  On 
t h e  command, " s t o p " ,  o r  i f  a s u b j e c t  was u n a b l e  t o  c o n t i n u e ,  t he  
s u b j e c t s  were  i n s t r u c t e d  t o  s i t  down. One mi nu t e  a f t e r  c e s s a t i o n  
o f  e x e r c i s e  t h e  p u l s e  r a t e  was t a k e n  f o r  a t h i r t y  s econd p e r i o d .
The p u l s e  was c o un t ed  a t  t h e  c a r o t i d  a r t e r y  by t h e  g r a d u a t e  s t u d e n t  
a s s i g n e d  t o  t h a t  s u b j e c t .  In t h e  e v e n t  a s u b j e c t  c ou l d  n o t  m a i n t a i n  
t h e  c a d e n c e ,  t h a t  s u b j e c t ' s  t i m e r  used h i s  watch t o  d e t e r m i n e  t he  
d u r a t i o n  of  e x e r c i s e  and when t o  t a ke  t h e  p u l s e  c o u n t .  I f  a l l  
s u b j e c t s  b e i n g  t e s t e d  compl e t e d  t h e  f i v e  mi nu t e  e x e r c i s e  p e r i o d ,  
o n l y  t h e  m a s t e r  wa tch  was u s ed .  The t i m e r  a l e r t e d  t h e  p u l s e  c o u n t e r s  
s h o r t l y  b e f o r e  t h e  mi nu t e  a f t e r  e x e r c i s e  had e x p i r e d ,  and upon t he  
s i g n a l  t o  " s t a r t "  t h e  p u l s e  was t a ken  f o r  a p e r i o d  o f  t h i r t y  
s e c o n d s .  The p u l s e  c oun t  f rom t h e  T - I 2 mi nu t e  d u r a t i o n  a f t e r  
e x e r c i s e  and t h e  number o f  s econds  o f  e x e r c i s e  pe r fo rme d  was 
r e c o r d ed  on each  s u b j e c t ' s  d a t a  c a r d .  The index o f  p h y s i c a l  
e f f i c i e n c y  was computed u s i n g  t h e  f o l l o w i n g  f o rm u l a :
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, _ 100 X D u r a t i o n  o f  E x e r c i s e  ( i n  s econds )
n 6X 5-5  X p u l s e  c o u n t  f rom l - l -g mi nu t e s
d u r a t i o n  a f t e r  t h e  e x e r c i s e
The above index o f  p h y s i c a l  e f f i c i e n c y  was i n t e r p r e t e d  as
f o l l o w s :
Above 80 = good p h y s i c a l  f i t n e s s  
5 0 - 8 0  = a v e r a g e  p h y s i c a l  f i t n e s s
Below 50 = poor  p h y s i c a l  f i t n e s s  
E s t a b l i s h m e n t  o f  Work Loads f o r  t h e  Two Programs o f  E x e r c i s e
A pi 1 o t  s t u d y  i n v o l v i n g  t h i r t y  s u b j e c t s  was cond u c t ed  t o  
g i v e  t h e  i n v e s t i g a t o r  e x p e r i e n c e  and some i n s i g h t  in d e t e r m i n i n g  
t h e  d e s i r e d  work l o a d s .  In t he  p i l o t  s t u d y ,  f i f t e e n  s u b j e c t s  w i t h  
a p h y s i c a l  e f f i c i e n c y  index o f  above e i g h t y  and f i f t e e n  w i t h  an 
index o f  f i f t y  o r  below were  t e s t e d .  On a t r i a l  and e r r o r  b a s i s  
s e v e r a l  d i f f e r e n t  t r e a d m i l l  s p e e d s  were  u t i l i z e d  t o  o b t a i n  t he  
d e s i r e d  h e a r t  r a t e  l e v e l  o f  180 b e a t s  p e r  mi n u t e  in t h e  f i f t e e n  
mi n u te  p e r i o d .  I t  was found t h a t  f o r  a l l  s u b j e c t s  t h e  g r ade  
cou l d  be k ep t  a t  z e r o  and t h e  s pe e ds  r e g u l a t e d .  These  s u b j e c t s  
were  r e t e s t e d  t h e  f o l l o w i n g  day t o  d e t e r m i n e  i f  t h e  workbout  c ou l d  
be r e p e a t e d  t o  p ro d u c e  t h e  d e s i r e d  h e a r t  r a t e  o f  180 b e a t s  p e r  
m i n u t e .  The p i l o t  s t u d y  p roduced  t h e  d e s i r e d  180 b e a t s  per  
m i nu t e  l e ve l  f o r  t h e  long d u r a t i o n  workbou t  in a p e r i o d  of  f rom 
15 t o  16-g- m i n u t e s .
The s u b j e c t s  used in t h e  s t u d y  were  g i ve n  i n d i v i d u a l  
a p p o i n t m e n t s  in o r d e r  t o  f a m i l i a r i z e  them w i t h  t h e  t e s t i n g  
p r o c e d u r e s  and e q u i pme n t .  Us ing t he  i n f o r m a t i o n  g a i ne d  f rom t h e
33
p i l o t  s t u d y ,  a t r i a l  work load w i t h  r e g a r d  t o  t r e a d m i l l  speed  was 
s e t  f o r  t he  p ro l o ng ed  d u r a t i o n  workbou t  which would p roduce  t h e  
d e s i r e d  h e a r t  r a t e  l e ve l  o f  180 b e a t s  p e r  m i n u t e .  The d e s i r e d  
d u r a t i o n  o f  e x e r c i s e  f o r  t h i s  work load was f i f t e e n  m i n u te s  o r  more.  
As was t h e  c a s e  in t h e  p i l o t  s t u d y ,  t h e  r ange  o f  t i me  in a c c o m p l i s h ­
ing t h e  d e s i r e d  h e a r t  r a t e  l e v e l  was f rom 15 t o  16^- m i n u t e s .  The 
t r e a d m i l l  speed  f o r  each s u b j e c t ' s  p r o lo n g e d  d u r a t i o n  workbou t  was 
r eco r ded  on t h e  d a t a  c a r d .  For  t h e  u n f i t  s u b j e c t s ,  t h e  speed 
s e t t i n g s  ranged f ro m  k  t o  5 -5  mph; f o r  t h e  f i t  s u b j e c t s ,  t h e  speed
s e t t i n g s  ranged f rom 6 t o  7 mph.
In t h e  p i l o t  s t u d y ,  i t  was found t h a t  t h e  h e a r t  r a t e  o f  180 
b e a t s  p e r  mi n u t e  c ou l d  be a t t a i n e d  in a l l  s u b j e c t s  in l e s s  t ha n  
one mi nu t e  by i n c r e a s i n g  t h e  t r e a d m i l l  g r a de  t o  30 p e r  c e n t  and 
s e t t i n g  t h e  speed a t  t en  m i l e s  p e r  hou r .  Th i s  speed  and g r a de  
were  used f o r  a l l  s u b j e c t s  in t h e  s h o r t  i n t e n s i v e  wor k b o u t .  A f t e r  
e s t a b l i s h i n g  t h e  p r o l o n g ed  d u r a t i o n  workbou t  f o r  each  s u b j e c t  in 
bo th  t h e  f i t  and u n f i t  s u b j e c t s ,  a s c h e d u l e  was d e t e r m i n e d  t h a t
would a l l ow  two s u b j e c t s  f rom eac h  group  t o  be t e s t e d  d u r i n g  t h e
same t e s t i n g  p e r i o d .  One s u b j e c t  f rom each group compl e t e d  t h e  
p ro l o ng ed  d u r a t i o n  workbout  w h i l e  one s u b j e c t  f rom each group 
compl e t e d  t h e  s h o r t  i n t e n s i v e  wor kbou t .  Th i s  c o u n t e r b a l a n c e d  
p r a c t i c e  o r d e r  was f o l l o w e d  t h r o u g h o u t  t he  e n t i r e  s t u d y  t o  t r y  t o  
e q u a t e  p o s s i b l e  i n f l u e n c i n g  f a c t o r s  such as  e n v i r o n m e n t a l  c o n d i t i o n s ,  
days  o f  t h e  week,  t ime of  day ,  and so on.
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T e s t i n g  Area
The t r e a d m i l l  was l o c a t e d  in a room c o n s t r u c t e d  o f  a d o ub l e  
w a l l  o f  p o l y e t h e l y n e  w i t h  a f o u r - i n c h  a i r  s p a c e  between t h e  two 
w a l l s .  The p o l y e t h e l y n e  was a t t a c h e d  t o  a 2" x 4" s t udded  f r ame 
w i t h  a s t a p l e  gun and t o  t h e  f l o o r  w i t h  masking t a p e .  The f l o o r  
a r e a  was n i n e  f e e t  wide ,  and t e n  f e e t  l ong ,  w i t h  a n i n e  f o o t  
c e i l i n g .  The t e s t i n g  room was equ i pped  wi t h  a one and o n e - q u a r t e r  
ton  a i r  c o n d i t i o n e r  p l a c e d  in an o p e n i ng  t h a t  was c u t  in t he  
p o l y e t h e l y n e  w a l l .  The a i r  c o n d i t i o n e r  was t h e r m o s t a t i c a l l y  
c o n t r o l l e d  and t h e  t e m p e r a t u r e  k e p t  w i t h i n  a r ange  o f  s e v e n t y - o n e  
t o  s e v e n t y - t h r e e  d e g r e e s  F a h r e n h e i t .  The a i r  c o n d i t i o n e r  was 
t u r n e d  on we l l  b e f o r e  any t e s t i n g  s e s s i o n  in o r d e r  t o  p r o v i d e  t he  
p r o p e r  t e m p e r a t u r e .  A d o u b l e  wa l l  of  canvas  p r ov i d e d  a d rop  
c u r t a i n  doo r  f o r  e n t r a n c e  t o  and e x i t  f rom t h e  t e s t i n g  a r e a .
E l e c t r o d e  At t a c h me n t s
Thr ee  s u r f a c e  e l e c t r o d e s  were  a t t a c h e d  t o  each  s u b j e c t  
w i t h  d o u b l e  s u r f a c e  a d h e s i v e  was he r s  and c o n d u c t i n g  p a s t e .  Body 
h a i r  was removed t o  p r o v i d e  enough s u r f a c e  a r e a  t o  a t t a c h  the  
e l e c t r o d e s  a t  t he  p r o p e r  l o c a t i o n s .  The two i n p u t  e l e c t r o d e s  were  
p l a c e d  a t  t h e  body o f  t h e  s t e rnum and a t  t h e  f i f t h  r i b  bone on t h e  
l e f t  s i d e .  The ground lead p r ov i d e d  a common ground f o r  t he  
s u b j e c t ,  t r e a d m i l l  and c a r d i o t a c h o m e t e r  equ i pmen t  and was p l a c e d  
below t he  l e f t  n i p p l e  as  s u g g e s t e d  by t h e  E and M I n s t r u m e n t
Company. The common ground l ead  was used t o  p r e v e n t  a change  of  
i n p u t  impedence .
R e l i a b i l i t y  and V a l i d i t y  o f  t h e  C a r d i o t a c h o m e t e r
R e l i a b i l i t y  o f  t h e  c a r d i o t a c h o m e t e r  was e s t a b l i s h e d  by t h e
a u t h o r  and a c o e f f i c i e n t  o f  c o r r e l a t i o n  was found t o  be . 9 0 .
V a l i d i t y  was e s t a b l i s h e d  by t h e  E and M I n s t r u m e n t  Company by
c o n d u c t i n g  a c a l i b r a t i o n  t e s t  j u s t  p r i o r  t o  t he  c o l l e c t i o n  of  t h e
d a t a .
P r e - e x e r c i s e  R e s t i n g  and A n t i c i p a t o r y  H e a r t  Rate  T e s t i n g
Each s u b j e c t  was g i ve n  a minimum o f  f i v e  m i n u t e s  o f  r e s t  
in t h e  s u p i n e  p o s i t i o n  in a room t e m p e r a t u r e  o f  s e v e n t y - o n e  to  
s e v e n t y - t h r e e  d e g r e e s  F a h r e n h e i t .  The h e a r t  r a t e  o f  each s u b j e c t  
was measured  w i t h  t h e  C a r d i o t a c h o m e t e r  w h i l e  in a s u p i n e  p o s i t i o n .  
Measures  were  r e c o r d e d  a t  t h e  end o f  t h e  f i v e  m i n u t e s  o f  r e s t .
Th i s  p r o c e d u r e  was f o l l o w e d  f o r  each o f  t h e  two wor kbou t s  and a 
mean f o r  t h e  two measure s  was computed.  A h e a r t  r a t e  measure  
was a l s o  t a k e n  a f t e r  each  s u b j e c t  was in t h e  e x e r c i s e  p o s i t i o n  on 
t h e  t r e a d m i l l  j u s t  b e f o r e  s t a r t i n g  t h e  mot or  f o r  bo t h  t h e  s h o r t  
and long w o r k b o u t s .  T h i s  was done p r i m a r i l y  f o r  i n f o r m a t i o n a l  
p u r p o s e s  in o r d e r  t o  r e c o r d  t h e  a n t i c i p a t o r y  e f f e c t s ,  i f  any,  
upon t h e  h e a r t  r a t e  cha n g e ,  and t o  s ee  i f  s i g n i f i c a n t  d i f f e r e n c e s  
o c c u r r e d  in t he  a n t i c i p a t o r y  h e a r t  r a t e s  in t h e  f i t  and u n f i t  
s u b j e c t s  f o r  t h e  two t y p e s  o f  w o r kb o u t s .
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S h o r t  I n t e n s i v e  Workbout  T e s t i n g
The s h o r t  i n t e n s i v e  workbou t  was a c c o mp l i sh e d  by a d j u s t i n g  
t h e  t r e a d m i l l  f rom z e r o  t o  30 p e r  c e n t  g r a d e  a t  a s peed  o f  t e n  
m i l e s  p e r  h o u r .  Th i s  t r e a d m i l l  a d j u s t m e n t  proved  t o  be s u i t a b l e  
t o  r ea c h  t h e  d e s i r e d  h e a r t  r a t e  l e v e l  in t h e  p i l o t  s t u d y  in both  
t h e  f i t  and u n f i t  s u b j e c t s .  The d u r a t i o n  o f  e x e r c i s e  f o r  t he  
u n f i t  s u b j e c t s  ranged f rom n i n e t e e n  t o  t w e n t y - f i v e  s e c o nd s ;  t h e  
r ange  f o r  t h e  f i t  s u b j e c t s  was t we n t y - t w o  t o  f i f t y - t w o  s e co nd s .
The s u b j e c t  was s t a t i o n e d  in t h e  p r o p e r  r un n i n g  p o s i t i o n  
on t h e  t r e a d m i l l  b e f o r e  t h e  s t a r t  o f  t h e  motor  and g i ve n  i n s t r u c ­
t i o n s  t o  hold  t h e  h a n d r a i l  on each s i d e  as  a s a f e t y  me a s u r e .  The 
s u b j e c t  was t o l d  t h a t  t h e  t r e a d m i l l  would be s t o p p e d  i f  f o o t i n g  
was l o s t ,  o r  i f  t h e  l e a d s  d i s c o n n e c t e d  f o r  any r e a s o n .  The l e a d s  
were  he l d  t o  t h e  h a n d r a i l  by t h e  s u b j e c t  t o  p r e v e n t  any u n n e c e s s a r y  
movement o f  t h e  w i r e .  The s u b j e c t  was a s ked  i f  he was r e a dy  t o  
pe r fo r m and upon a p o s i t i v e  r e p l y ,  t h e  t r e a d m i l l  was t u r n e d  on.
The C a r d i o t a c h o m e t e r  was p o s i t i o n e d  on a l a b o r a t o r y  t a b l e  in a 
p o s i t i o n  n e a r  t h e  t r e a d m i l l  t o  a l l o w  t h e  t e s t e r  t o  o b s e r v e  h e a r t  
r a t e  r e a d i n g s  and c o n t r o l  t h e  t r e a d m i l l  f rom t h e  same p o s i t i o n .
Upon r e a c h i n g  t h e  d e s i r e d  h e a r t  r a t e  r e a d i n g s ,  t h e  t r e a d m i l l  was 
s t o p p e d  wi t h  t h e  a u t o m a t i c  e l e c t r i c  b r a k e .  The t r e a d m i l l  cou l d  be 
s t oppe d  c o m p l e t e l y  in a t i me  p e r i o d  o f  l e s s  t h a n  two s e c o n d s .  The 
s u b j e c t  t he n  s t e p p e d  down f rom t h e  t r e a d m i l l  and was s e a t e d  in a 
c h a i r .  The c h a i r  was p o s i t i o n e d  t o  a l l o w  t h e  t e s t e r  t o  o b s e r v e
both  t h e  s u b j e c t  and c a r d i o t a c h o m e t e r  w i t h o u t  moving.  At no t i me  
c o u l d  t h e  s u b j e c t  s ee  t h e  c a r d i o t a c h o m e t e r  r e a d i n g .  A h e a r t  r a t e  
r e a d i n g  was r e c o r d e d  a t  t h e  end o f  each  m i n u t e  f o r  a p e r i o d  of  
f i f t e e n  m i n u t e s .
P ro l o n g e d  D u r a t i o n  Workbout  T e s t i n g
A t r e a d m i l l  speed  a t  z e r o  g r a de  had p r e v i o u s l y  been e s t a b ­
l i s h e d  f o r  each  s u b j e c t  t h a t  would p r od u c e  t h e  d e s i r e d  h e a r t  r a t e  
l e v e l  o f  180 b e a t s  p e r  m i n u t e  in a t i me  p e r i o d  o f  a t  l e a s t  f i f t e e n  
m i n u t e s .  Each s u b j e c t ,  h a v i n g  p r e v i o u s l y  pe r fo rmed  p r a c t i c e  
w o r k b o u t s ,  was a g a i n  b r i e f e d  c o n c e r n i n g  t h e  use  o f  t h e  h a n d r a i l  a s  
a s a f e t y  f a c t o r  and t h e  i m p o r t a n c e  o f  h o l d i n g  t h e  e l e c t r o d e  l e a d s  
u n d e r  h i s  l e f t  hand .  Each s u b j e c t  was p o s i t i o n e d  on t h e  t r e a d m i l l ;  
when r eady  t o  p e r fo r m,  t h e  a n t i c i p a t o r y  r e a d i n g  was t a k e n ,  t he n  t h e  
t r e a d m i l l  was s t a r t e d .  A r e p o r t  was g i v e n  t o  each  s u b j e c t  a t  t he  
end o f  each  f i v e  mi n u t e  p e r i o d  t o  i n d i c a t e  how much t i me  remained 
in t h e  w o r kb o u t .  Upon c o m p l e t i o n  o f  t he  wor k b o u t ,  t h e  s u b j e c t  was 
s e a t e d  in a c h a i r  and was i n s t r u c t e d  t o  remain q u i e t  f o r  a p e r i o d  
o f  f i f t e e n  m i n u t e s .  The h e a r t  r a t e  was r e c o r d ed  f o r  each  s u b j e c t  
a t  t h e  end o f  each mi n u te  f o r  a p e r i o d  o f  f i f t e e n  m i n u t e s .
V. STATISTICAL ANALYSIS
The Computer  Re s e a r c h  C e n t e r  a t  L o u i s i a n a  S t a t e  U n i v e r s i t y  
was used f o r  mos t  of  t h e  c o m p u t a t i o n s  in a n a l y z i n g  t he  d a t a  f o r  
t h i s  s t u d y .  A n a l y s i s  was made a t  each  l e v e l  o f  h e a r t  r a t e  r e c o v e r y
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t o  s ee  i f  s i g n i f i c a n t  d i f f e r e n c e s  e x i s t e d  between t h e  two t y p e s  o f  
t r e a d m i l l  workbou t s  f o r  t h e  f i t  and u n f i t  s u b j e c t s .  The a n a l y s i s  of  
v a r i a n c e  was a 2 X 15 s p l i t - p l o t  a r r a n g em e n t  o f  t r e a t m e n t s  in a 
c o m p l e t e l y  randomized d e s i g n  w i t h  two g roups  ( f i t  and u n f i t )  as 
w h o l e - p l o t s  and w i t h  t h i r t y  s u b j e c t s  p e r  group ( two wo r k b o u t s  and 
f i f t e e n  t i me  measure s  f o r  h e a r t  r a t e s ) .
A n a l y s i s  o f  v a r i a n c e  was used t o  d e t e r m i n e  w h e t h e r  s i g n i f i ­
c a n t  d i f f e r e n c e s  e x i s t e d  between t h e  r e s t i n g  and a n t i c i p a t o r y  h e a r t  
r a t e s  o f  t h e  f i t  and u n f i t  s u b j e c t s .
CHAPTER IV
PRESENTATION AND ANALYSIS OF DATA
NTRODUCTION
In o r d e r  t o  d e t e r m i n e  i f  s i g n i f i c a n t  d i f f e r e n c e s  e x i s t e d  
be t ween  t h e  h e a r t  r a t e  r e c o v e r y  o f  f i t  and u n f i t  s u b j e c t s  f o l l o w ­
ing two t y p e s  o f  t r e a d m i l l  w o r k b ou t s ,  t h e  f o l l o w i n g  s t a t i s t i c a l  
t e c h n i q u e s  were  used:
1. A n a l y s i s  o f  v a r i a n c e  w i t h  a 2 X 15 s p l i t - p l o t  a r r an g em e n t  
o f  t r e a t m e n t s  in a c o m p l e t e l y  randomized d e s i g n  w i t h  two 
g roups  ( f i t  and u n f i t )  a s  whole  p l o t s  and w i t h  t h i r t y  
s u b j e c t s  p e r  group ( two wo r k b o u t s  and f i f t e e n  t i me  
me asu r e s  f o r  h e a r t  r a t e s ) .
2.  Or thogona l  c o m p a r i s on s  were used t o  show t h e  n a t u r e  o f  
t h e  r e g r e s s i o n  l i n e  between t h e  r e c o v e r y  h e a r t  r a t e s  of  
t h e  t r a i n e d  and u n t r a i n e d  s u b j e c t s .
3.  A n a l y s i s  of  v a r i a n c e  was used t o  s e e  i f  s i g n i f i c a n t  
d i f f e r e n c e s  e x i s t e d  between t h e  r e s t i n g  and a n t i c i p a t o r y  
h e a r t  r a t e s  o f  t h e  f i t  and u n f i t  s u b j e c t s .
I I .  PATTERN FOR ORTHOGONAL COMPARISONS
I t  shou l d  be p o i n t e d  o u t  t h a t  o r t h o g o n a l  co mp a r i s o n s  were  
c o nd u c t ed  o n l y  when a s i g n i f i c a n t  F - r a t i o  was o b t a i n e d  f o r  t he
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r e c o v e r y  c o mp a r i s o n s  where  t i me  was t he  f a c t o r .  With f i f t e e n  t ime 
m e a s u r e s ,  t h e r e  were  f o u r t e e n  a l l o t t e d  compa r i s ons  ( N - l ) .
C h a r t  1, page 60,  p r o v i d e s  a summary o f  mean r e s t i n g  h e a r t  
r a t e s ,  a n t i c i p a t o r y  h e a r t  r a t e s  and r e c o ve r y  h e a r t  r a t e s  f o r  bo t h  
g r oups  o f  s u b j e c t s ,  t h e  f i t  and u n f i t ,  f o r  each t y p e  o f  workbou t .
I t  was f e l t  t h a t  t h e  r e a d e r  may wi sh  t o  p e r i o d i c a l l y  r e f e r  t o  t h e s e  
d a t a  w h i l e  exami n i ng  t h e  d i f f e r e n t  a n a l y s e s .
Each compar i son  y i e l d e d  a sum o f  s q u a r e s  w i t h  one d e g r e e  of  
f r e e dom.  The r e s u l t i n g  mean s q u a r e  was then  t e s t e d  f o r  s i g n i f i c a n c e  
by means o f  t h e  F - r a t i o .  I f  s i g n i f i c a n c e  was found f o r  l i n e a r  
c o m p a r i s o n s ,  i t  i n d i c a t e d  t h a t  t h e  r e g r e s s i o n  l i n e  p o s s e s s e d  a 
s t r a i g h t  l i n e  r e l a t i o n s h i p .  A s i g n i f i c a n t  q u a d r a t i c  compar i son  
would mean t h a t  a d e f i n i t e  d e v i a t i o n  f rom l i n e a r i t y  was p r e s e n t .
A s i g n i f i c a n t  c u b i c  would mean t h a t  t h e r e  were  more t ha n  one 
d e v i a t i o n  f rom l i n e a r i t y .  I f  none o f  t h e  compar i s ons  was s i g n i f i ­
c a n t ,  i t  would mean t h a t  t h e r e  was no d e f i n i t e  p a t t e r n  of  r e l a t i o n ­
s h i p s  among h e a r t  r a t e  r e c o v e r y .
I I I .  ANALYSIS OF VARIANCE AND REGRESSION
A n a l y s i s  o f  V a r i a n c e  f o r  Group Compar i sons  f o r  t h e  Combined Workbouts  
In T a b l e  I i t  can be s e e n  t h a t  t h e  F - r a t i o  o f  110.97 f o r  t he  
a n a l y s i s  o f  v a r i a n c e  f o r  group compa r i s ons  f a r  exceeded  t h e  F of  
7 . 0 7  needed  f o r  s i g n i f i c a n c e  a t  t h e  .01 l e v e l  o f  p r o b a b i l i t y .  Th i s  
i n d i c a t e d  t h a t  a d i f f e r e n c e  d i d  e x i s t ,  as  was e x p e c t e d ,  in t h e  t o t a l
TABLE I
ANALYSIS OF VARIANCE FOR COMPARISONS OF FIT AND UNFIT SUBJECTS 
ON THE TOTAL PULSE RECOVERY RATES FOR THE 
LONG AND SHORT WORKBOUTS
Source  o f  
Vari  a t i o n
Sum of  
S qua r e s
Degrees  of  
F reedom
Mean
Squares F P
Group 8 6 , 1 6 9 . 8 4 1 8 6 , 1 6 9 . 8 4 110.97 .01
Sub-Group E r r o r 4 5 , 0 0 3 . 2 1 58 7 7 6 . 434
Workbouts 7 , 6 7 1 . 4 8 1 7 , 6 7 1 . 4 8 247 . 55 .01
Group Work .009 1 .009 .29 N.S.
Time 335 , 638 . 81 14 2 3 , 9 7 4 . 2 773.61 .01
Work Time 492 . 83 14 3 5 . 20 1.14 N.S.
Group Time 1 4 , 31 0 . 1 2 14 1, 002 .15 32 . 98 .01
E r r o r 5 2 , 1 3 0 . 2 6 1682 30 . 99
Tot a  1 5 4 1 , 619 .18 1799
F needed f o r  s i g n i f i c a n c e  a t  . 05  l e v e l ,  4 . 0 1 ;
a t  .01 l e v e l , 7-07
h i
r e c o v e r y  f o r  combined wo r k b o u t s  r e s p o n s e  between t h e  c a r d i o v a s c u l a r  
f i t  and u n f i t  s u b j e c t s .  The mean r e c o v e r y  r a t e  f o r  t he  f i f t e e n  
mi nu t e  r e c o v e r y  p e r i o d  was 101 f o r  t h e  f i t  and 115 f o r  t he  u n f i t  
subj  e c t s .
A n a l y s i s  o f  V a r i a n c e  f o r  Workbout  Compar i sons  f o r  t h e  F i t  and 
U n f i t  S u b j e c t s
As shown in Tab l e  I I ,  t h e  F - r a t i o  of  247 . 55  was found in t h e  
v a r i a n c e  a n a l y s i s .  S i nc e  7 . 07  was needed a t  t h e  .01 p r o b a b i l i t y  
l e v e l ,  t h i s  F was s t a t i s t i c a l l y  s i g n i f i c a n t .  The mean r e c o v e r y  
r a t e  f o r  t h e  long workbout  was 99 f o r  t h e  f i t  s u b j e c t s  and I 14 
f o r  t h e  u n f i t  s u b j e c t s .  The s h o r t  workbout  r e c o v e r y  r a t e  mean f o r  
t h e  f i t  s u b j e c t s  was 108 and 118 f o r  t h e  u n f i t  s u b j e c t s .  The 
mean r e c o v e r y  r a t e s  f o r  each workbou t  f o r  b o t h  t h e  f i t  and u n f i t  
s u b j e c t s  a r e  g r a p h i c a l l y  p r e s e n t e d  in F i g u r e  1, page  h h .  Thi s  
compar i s on  i n d i c a t e d  t h a t  t h e  s h o r t  workbou t  r e s u l t e d  in s i g n i f i ­
c a n t l y  h i g h e r  mean r e c o v e r y  r a t e s  t h a n  d i d  t h e  long workbout  f o r  
bo t h  t h e  f i t  and u n f i t  s u b j e c t s .
A n a l y s i s  o f  V a r i a n c e  f o r  Group Workbout  I n t e r a c t i o n  f o r  t he  F i t  
and U n f i t  S u b j e c t s  f o r  t h e  Two Types o f  Workbouts
A n a l y s i s  o f  v a r i a n c e  t e c h n i q u e s  a p p l i e d  t o  t h e  g roup work 
i n t e r a c t i o n  d a t a  r e s u l t e d  in an F - r a t i o  o f  .29  which was not  
s t a t i s t i c a l l y  s i g n i f i c a n t .  These  d a t a  a r e  p r e s e n t e d  in Tab l e  
I I I ,  page 45 .  The n o n - s i g n i f i c a n t  i n t e r a c t i o n  was i n t e r p r e t e d
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TABLE I I
ANALYSIS OF VARIANCE FOR WORKBOUT COMPARISONS 
FOR THE FIT AND UNFIT SUBJECTS
Source  o f  
Vari  a t i  on
Sum of  
Squa r e s
Degrees  o f  
Freedom
Mean
Squa r e s F P
Group 8 6 , 1 6 9 . 8 4 1 8 6 , 169. 84 110.97 .01
Sub-Group E r r o r  4 5 , 00 3 . 2 1 58 776 . 434
Workbouts 7 , 6 7 1 . 4 8 1 7 , 6 7 1 . 4 8 247 . 55 .01
Group Work
CT\Oo 1 . 009 .29 N.S.
Time 335 , 638 . 81 14 2 3 , 9 7 4 . 2 773.61 .01
Group Time 1 4 , 31 0 . 2 6 14 1 , 002 . 15 32 . 98 .01
Er ro r 5 2 , 1 3 0 . 2 6 1682 30 . 99
Tot a  1 5 4 1 , 6 1 9 . 1 8 1799
F needed f o r  s i g n i f i c a n c e  a t  .05 l e v e l ,  4 . 0 1 ;
a t  .01 1 eve  1, 7 .07
kk
HEART RATE 
MEANS
120 
115 
110 
105 
100 
95 
90
FIGURE 1
MEAN HEART RATE FOR THE FIFTEEN MINUTE RECOVERY 
PERIOD FOR FIT AND UNFIT SUBJECTS AFTER 
SHORT AND LONG WORKBOUTS
hvvVs
m
SN
NS
w
Vs
Vs
Vs
s s
NS
Vs
Vs
Vs
Vs
Vx
Nfs
w
Vs
Vs
Vs
Vs
Vs
Vs
Vs.
S's
s s
Vs
LONG WORKBOUT SHORT WORKBOUT
Key: 0 F i t  Subj e c t s Unf i t  Subj e c t s
T ABLE I I I
ANALYSIS OF VARIANCE FOR GROUP WORKBOUT INTERACTION FOR 
THE FIT AND UNFIT SUBJECTS FOR THE LONG 
AND SHORT WORKBOUTS
Source  of  
V a r i a t i  on
Sum of  
Squares
Degr ees  o f  
F reedom
Mean
Squares F P
Group 8 6 , 1 6 9 . 8 4 1 86,  169.84 110.97 .01
Sub-Group E r r o r 4 5 , 00 3 . 2 1 58 775 . 434
Workbouts 7 , 6 7 1 . 4 8 1 7 , 6 7 1 .48 247. 55 .01
Group Work .009 1 .009 .29 N.S.
Time 335 , 638 . 81 14 2 3 , 9 7 4 . 2 773.61 .01
Work Time 4 92 . 83 14 35 . 20 1.14 N.S.
Group Time 14 , 310 . 12 14 1 , 02 2 . 1 5 32 . 98 .01
E r r o r 5 2 , 1 3 0 . 2 6 1682 30 . 99
T o t a  1 5 41 , 6 1 9 . 1 8 1799
F needed f o r  s i g n i f i c a n c e  a t  .05 l e v e l , A . 01;
a t  .01 l e v e l ,  7 .0 7
t o  mean t h a t  t h e  d i f f e r e n c e  between t h e  r e c o v e r y  h e a r t  r a t e s  o f  t he  
f i t  and u n f i t  s u b j e c t s  r emained e s s e n t i a l l y  un i f o r m f o r  each t yp e  o f  
workbou t  o r ,  t o  s t a t e  i t  a n o t h e r  way, t h e  r e c o v e r y  r a t e  p a t t e r n s  
f o r  t h e  two wor kbou t s  were  r e l a t i v e l y  t h e  same f o r  t h e  f i t  and 
u n f i t  s u b j e c t s  even though t h e  r a t e s  were  h i g h e r  f o r  t h e  u n f i t .
The mean r e c o v e r y  r a t e  f o r  t he  f i t  s u b j e c t s  was 99 f o r  t h e  long 
workbou t  and 103 f o r  t h e  s h o r t  wor kbou t .  The mean r e c o v e r y  r a t e  
f o r  t h e  u n f i t  s u b j e c t s  was 113 f o r  t h e  long workbout  and 117 f o r  
t h e  s h o r t  wor kbou t .  The d i f f e r e n c e  between t h e  r e c o v e r y  r a t e s  f o r  
t h e  long and s h o r t  wor kbou t s  was 14 f o r  b o t h  t h e  f i t  s u b j e c t s  and 
t h e  u n f i t  s u b j e c t s .
A n a l y s i s  o f  V a r i a n c e  and R e g r e s s i o n  f o r  H e a r t  Ra t e  Recovery  f o r  
F i f t e e n  Time Measures  f o r  a l l  S u b j e c t s  f o r  Combined Workbouts
In T a b l e  IV i t  can be seen  t h a t  t h e  F - r a t i o  o f  773.61 f o r  
t h e  h e a r t  r a t e  me a su r e s  o v e r  t h e  f i f t e e n  mi n u te  p e r i o d  was 
d e f i n i t e l y  s i g n i f i c a n t  a t  t he  .01 l e v e l  o f  p r o b a b i l i t y .  Th i s  was 
t o  be e x p e c t e d  b e c a u s e  o f  t h e  n a t u r e  o f  h e a r t  r a t e  r e c o v e r y  
p a t t e r n s .  Or thogona l  c o mp a r i s o n s  f o r  r e g r e s s i o n  were  t hen  
computed t o  d e t e r m i n e  t h e  n a t u r e  o f  t h e  r e g r e s s i o n  l i n e  f o r  t he  
r e c o v e r y  r a t e s .  In t he  f i r s t  co mp a r i s o n ,  f o r  l i n e a r i t y ,  an F - r a t i o  
o f  9 ,1 9 5  was o b t a i n e d  which  was h i g h l y  s i g n i f i c a n t  beyond t he  
.01 l e v e l  o f  p r o b a b i l i t y .
The second c o mp a r i s on ,  f o r  q u a d r a t i c  p r o p e r t i e s ,  y i e l d e d  
an F - r a t i o  o f  1,4-24 which was a l s o  s i g n i f i c a n t  a t  t h e  .01 l e ve l
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TABLE I V
ANALYSIS OF VARIANCE AND REGRESSION FOR HEART RATE 
RECOVERY FOR FIFTEEN TIME MEASURES FOR ALL
SUBJECTS FOR COMBINED WORKBOUTS
Source  of  
V a r i a t i o n
Sum o f  
Squa r e s
Degrees  of  
Freedom
Mean
Squares F P
Group 8 6 , 1 6 9 . 8 4 1 8 6 , 1 6 9 . 8 4 110.97 .01
Sub-Group E r r o r 4 5 , 0 0 3 . 2 1 58 776 . 434
Workbouts 7 , 6 7 1 .48 1 7 , 6 7 1 .48 247 . 55 .01
Group Work .009 1
OO• . 29 N.S.
Time 335 , 638 . 81 14 2 3 , 9 7 4 . 2 773.61 .01
Li n e a r 2 8 5 , 9 8 2 . 6 9 1 2 8 5 , 9 8 2 . 6 9 9 , 1 9 5 . 9 5 .01
Quad r a t i  c 4 4 , 132.20 1 4 4 , 132.20 1, 42 4 . 0 7 .01
Cubi c 2 , 4 3 2 . 9 5 1 2 , 4 3 2 . 9 5 78 .5 0 .01
Work Time 492 . 83 14 35 . 20 1.14 N.S.
Group Time 1 4 , 310 . 12 14 1 , 02 2 . 1 5 32 . 98 .01
E r r o r 5 2 , 1 3 0 . 2 6 1682 30 . 99
Tot a  1 5 4 1 , 6 1 9 . 1 8 1799
F needed f o r  s i g n i f i c a n c e  a t  . 05 l e v e l ,  1 . 69;
a t  .01 l e v e l , 2.081
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o r  p r o b a b i l i t y .  The t h i r d  compar i son  f o r  c u b i c  e f f e c t s  p r oduced  an 
F - r a t i o  o f  7 8 . 5  which  was a l s o  s i g n i f i c a n t  a t  t h e  .01 l e v e l  o f  
probab i 1i t y .
The r e g r e s s i o n  l i n e  o f  mean r e c o v e r y  r a t e s  f o r  a l l  s u b j e c t s  
i s  i l l u s t r a t e d  in F i g u r e  2.  I t  can be seen  t h a t  a l t h o u g h  t h e  
r e c o v e r y  r a t e  p a t t e r n  i s  e s s e n t i a l l y  l i n e a r  in n a t u r e ,  t h e r e  a r e  
d e v i a t i o n s  f rom l i n e a r i t y .
A n a l y s i s  o f  V a r i a n c e  and R e g r e s s i o n  f o r  t he  Long and S h o r t  Workbouts  
Time I n t e r a c t i o n
An F - r a t i o  o f  1 .14  was found in t h e  a n a l y s i s  o f  v a r i a n c e  
d a t a  f o r  t h e  w o r k - t i m e  i n t e r a c t i o n .  S i nc e  an F - r a t i o  o f  1 .69 was 
needed a t  t h e  .05  l e ve l  o f  p r o b a b i l i t y ,  t h i s  was n o t  s t a t i s t i c a l l y  
s i g n i f i c a n t .  These  d a t a  a r e  p r e s e n t e d  in T a b l e  V, page  50.  Al t hough  
a s t a t i s t i c a l l y  s i g n i f i c a n t  d i f f e r e n c e  was found t o  e x i s t  between 
t h e  long and s h o r t  wor kbou t s  and between t h e  r e c o v e r y  h e a r t  r a t e s  
o v e r  t h e  f i f t e e n  m i n u t e  r e c o v e r y  p e r i o d ,  t h e  n o n - s i g n i f i c a n t  
i n t e r a c t i o n  f o r  workbou t  and t i me  i n d i c a t e d  t h a t  t h e  d i f f e r e n c e s  
between t h e  two wor kbou t s  remained r e l a t i v e l y  c o n s t a n t  t h r o u g h o u t  
t h e  r e c o v e r y  p e r i o d .  T h i s  i s  g r a p h i c a l l y  i l l u s t r a t e d  in F i g u r e  3,  
page  51.
A n a l y s i s  o f  V a r i a n c e  and R e g r e s s i o n  f o r  t h e  F i t  and U n f i t  S u b j e c t s 1 
Time I n t e r a c t i o n
A n a l y s i s  o f  v a r i a n c e  p roduced  an F - r a t i o  o f  3 2 . 98  in t h e  
g r o u p - t i m e  i n t e r a c t i o n .  S i n ce  2 . 08  was needed a t  t h e  .01
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TABLE V
ANALYSIS OF VARIANCE AND REGRESSION FOR THE LONG 
AND SHORT WORKBOUTS AND TIME INTERACTION
Source  o f  
Vari  a t  ion
Sum o f  
Squa r e s
Degrees  o f  
Freedom
Mean
Squares F P
Group 8 6 , 1 6 9 . 8 4 1 8 6 , 1 6 9 . 8 4 110.97 .01
Sub-Group E r r o r 4 5 , 0 0 3 . 2 1 58 776 . 434
Workbouts 7 , 6 7 1 . 4 8 1 7 , 6 7 1 . 4 8 247 . 55 .01
Group Work .009 1 .009 • 29 N.S.
Time 335 , 638 . 81 14 2 3 , 9 7 4 . 2 773.61 .01
Work Time 49 2 . 83 14 35 . 20 1 . 14 N.S.
Group Time 1 4 , 3 1 0 . 1 2 14 1 , 0 2 2 . 1 5 32 . 98 .01
E r r o r 5 2 , 1 3 0 . 2 6 1682 3 0 . 99
Tot a  1 5 4 1 , 6 1 9 . 1 8 17799
F needed f o r  s i g n i f i c a n c e  a t  .05 l e v e l ,  1 . 69;
a t  .01 1 eve 1, 2 . 08
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S h o r t  W o r k b o u t
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p r o b a b i l i t y  l e v e l ,  t h i s  F was s t a t i s t i c a l l y  s i g n i f i c a n t .  These  
d a t a  a r e  p r e s e n t e d  in T a b l e  VI.  Compu t a t i ons  f o r  l i n e a r i t y ,  
q u a d r a t i c  and c u b i c  c o m p a r i s on s  were  made f o r  b o t h  t h e  c a r d i o ­
v a s c u l a r  f i t  and u n f i t  s u b j e c t s .
The o r t h o g o n a l  c o mp ar i s on s  f o r  l i n e a r ,  q u a d r a t i c  and c u b i c  
p roduced  F - r a t i o s  o f  2 , 6 2 3 . 8 1 ,  and 3 3 ^ . 3 9 ,  and 9 8 . 7 7 ,  r e s p e c t i v e l y ,  
f o r  t h e  c a r d i o v a s c u l a r l y  f i t  s u b j e c t s  and were  a l l  s t a t i s t i c a l l y  
s i g n i f i c a n t  beyond t h e  .01 l e ve l  o f  p r o b a b i l i t y .  T h e r e f o r e ,  t he  
r e g r e s s i o n  l i n e  was no t  w h o l l y  l i n e a r .  Or t hogona l  c ompar i sons  
f o r  t h e  r e c o v e r y  r a t e  p a t t e r n  f o r  t h e  u n f i t  s u b j e c t s  produced 
f i n d i n g s  s i m i l a r  t o  t h e  f i t  s u b j e c t s  w i t h  F - r a t i o s  o f  1 0 2 , 9 6 0 . 9 3 ,  
1 3 1 , 6 1 1 . 0 0  and 2 , 1 1 8 . 7 0  f o r  1i ne a r ,  quad r a t i c  and c u b i c ,  r e s p e c t ­
i v e l y .  Al l  were  s t a t i s t i c a l l y  s i g n i f i c a n t  a t  t h e  .01 l e v e l  o f  
p r o b a b i l i t y .  Thus ,  b o t h  g r oups  i n d i c a t e d  a l i n e a r  r e l a t i o n s h i p  
in r e c o v e r y  w i t h  some d e v i a t i o n s  f rom l i n e a r i t y .  The s i g n i f i c a n t  
i n t e r a c t i o n ,  however ,  i n d i c a t e d  t h a t  a l t h o u g h  t h e  u n f i t  s u b j e c t s 1 
mean r e c o v e r y  r a t e  was h i g h e r  t ha n  t h a t  o f  t h e  f i t  s u b j e c t s ,  i t  
was n o t  u n i f o r m l y  so .  By i n s p e c t i o n  o f  t h e  g r aph  in F i g u r e  k ,  page 5^,  
i t  can be seen  t h a t  t h e  d i f f e r e n c e  in p u l s e  r a t e s  between t h e  two 
g roups  i s  much more pronounced  d u r i n g  t h e  f i r s t  f o u r  o r  f i v e  m i n u t e s  
a f t e r  e x e r c i s e  t ha n  d u r i n g  t h e  l a s t  p a r t  o f  t h e  r e c o v e r y  p e r i o d .
Th i s  a c c o u n t s  f o r  t he  s i g n i f i c a n t  i n t e r a c t i o n .
53
TABLE VI
A N A L Y S IS  OF VARIANCE AND REGRESSION FOR T I M E  INTERA CTIO N  
OF F I T  AND U N F I T  SUBJECTS
S o u r c e  o f  
V a r i a t i o n
Sum o f  
S q u a r e s
D e g r e e s  o f  
F r e e d o m
Mean
S q u a r e s F P
G r o u p 8 6 , 1 6 9 . 8 4 1 8 6 , 1 6 9 . 8 4 110.97 .01
S u b - G r o u p  E r r o r 4 5 , 00 3 . 2 1 58 776 . 434
W o r k b o u t s 7 , 6 7 1 .48 1 7 , 6 7 1 .48 247. 55 .01
G r o u p  W ork . 009 1 .009 .29 N . S .
T i  me 335 , 638 . 81 14 2 3 , 9 7 ^ . 2 773.61 .01
W o r k  T i m e 492 . 83 14 35 . 20 1.14 N . S .
G r o u p  T i m e 1 4 , 3 1 0 .12 14 1 , 022 . 15 32 . 98 .01
F i t  S u b j e c t s :
Li  n e a r 8 1 , 312 .00 1 8 1 , 312 .00 2 , 623.81 .01
Q u a d r a t  i c 10, 363 .00 1 10 , 363 .00 334. 39 .01
Cub i c 3 , 0 6 0 . 9 7 1 3 , 0 6 0 . 9 7 98 . 77 .01
U n f  i t  S u b j  e c t s :
L i n e a r 1 02 , 966 , 93 1 102 , 966 . 93 3 , 3 2 2 . 5 8 .01
Quad r a t  i c 131, 611 .00 1 131, 611 .00 4 , 2 4 6 . 8 8 .01
Cub i c 2 , 1 1 8 . 7 0 1 2 , 1 1 8 . 7 0 68 . 36 .01
E r r o r 5 2 , 1 3 0 . 2 6 1682 30 . 99
T o t a l 5 4 1 , 6 1 9 . 1 8 1799
F needed f o r  s i g n i f i c a n c e  a t  .05 l e v e l ,  1 .69;  
a t  .01 l e v e l , 2 . 08
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A n a l y s i s  o f  V a r i a n c e  o f  P r e - e x e r c i s e  R e s t i n g  H e a r t  R a t e s  f o r  t h e
F i t  and U n f i t  S u b j e c t s
He a r t  r a t e  r e a d i n g s  were  r ec o r de d  f o r  each  s u b j e c t  a f t e r  f i v e  
mi nu t e s  o f  r e s t  in a s u p i n e  p o s i t i o n .  R e s t i n g  h e a r t  r a t e  measure s  
were r e c o rd ed  b e f o r e  each  o f  t he  two wor kbou t s  and an a v e r a g e  was 
t a k e n  f o r  each s u b j e c t  t o  r e p r e s e n t  h i s  r e s t i n g  h e a r t  r a t e .
An F - r a t i o  o f  203 . 87  was found in t h e  a n a l y s i s  o f  v a r i a n c e .  
S i nce  an F o f  7 -10  was needed a t  t h e  .01 l e ve l  o f  p r o b a b i l i t y ,  t h i s  
F was h i g h l y  s i g n i f i c a n t .  These  d a t a  a r e  p r e s e n t e d  in Ta b l e  VI 1.
TABLE VI I
ANALYSIS OF VARIANCE FOR THE PRE-EXERCISE RESTING HEART 
RATES FOR THE FIT AND UNFIT SUBJECTS
Source  o f  
Var E a t  ion
Sum o f  
Squares
Degrees  of  
Freedom
Mean
Squa re s F P
T r ea t me n t 703 . 36 1 7 03 . 36 203.87 .01
E r r o r 200 . 64 58 3 . 4 5
T o t a l 904 . 00 59
F needed f o r  s i g n i f i c a n c e  a t  . 05 l e ve l , 4 . 0 1 ;  .01 1 eve 1, 7 . 1 0
The mean r e s t i n g  h e a r t  r a t e  f o r  t h e  group o f  f i t  s u b j e c t s  was 75-5 ,  
and the  mean r e s t i n g  h e a r t  r a t e  f o r  t h e  u n f i t  s u b j e c t s  was 8 0 . 5 .
The s i g n i f i c a n t  F - r a t i o  in t h e  a n a l y s i s  o f  v a r i a n c e  i n d i c a t e d  t h a t  
t h e  f i t  s u b j e c t s  had s i g n i f i c a n t l y  lower  r e s t i n g  h e a r t  r a t e s  than  
d i d  t h e  u n f i t  s u b j e c t s .
A n a l y s i s  o f  V a r i a n c e  o f  P r e - e x e r c i s e  A n t i c i p a t o r y  H e a r t  R a t e s  f o r
t h e  F i t  S u b j e c t s  f o r  t h e  Lon g and S h o r t  W o r k b o u t s
A h e a r t  r a t e  measure  was t a k e n  when t h e  s u b j e c t  was in t h e  
e x e r c i s e  p o s i t i o n  j u s t  b e f o r e  t h e  t r e a d m i l l  was t u r n e d  on.  Thi s  
p r o c e d u r e  was f o l l o w e d  f o r  b o t h  t h e  long and s h o r t  wor kbou t s .
A n a l y s i s  o f  v a r i a n c e  o f  t h e  a n t i c i p a t o r y  h e a r t  r a t e s  f o r  
t h e  two wor kbou t s  f o r  t he  f i t  s u b j e c t s  p roduced  an F - r a t i o  of  
7 7 . 7 1 ,  which exceeded  t h e  7 - 10  needed t o  be s t a t i s t i c a l l y  s i g n i f i ­
c a n t  a t  t h e  .01 l e ve l  o f  p r o b a b i l i t y .  These d a t a  a r e  p r e s e n t e d  in 
T ab l e  VI 1 I . The mean h e a r t  r a t e  f o r  t h e  f i t  s u b j e c t s  p r i o r  t o  t he  
long workbout  was 8 8 . 8  and 109.5 f o r  t h e  s h o r t  workbout .  Thus,  
t he  a n t i c i p a t i o n  of  the  s h o r t  workbout  produced  a s i g n i f i c a n t l y  
h i g h e r  h e a r t  r a t e  t ha n  f o r  t h e  long workbout .
TABLE VI 1 I
ANALYSIS OF VARIANCE FOR THE PRE-EXERCISE ANTICIPATORY HEART 
RATES FOR THE FIT SUBJECTS FOR THE LONG AND SHORT WORKBOUTS
Source  of  
Var i a t  ion
Sum o f  
Squares
Degrees  of  
Freedom
Mean 
Squa r e s F P
T r ea t men t 3668 . 34 1 3668 . 34 77.71 .01
E r r o r 2738 . 33 58 4 7 . 20
Tot a l 6406. 67 59
F needed f o r  s i g n i f i c a n c e  a t  .05 l e v e l ,  4 . 0 1 ;  .01 l e v e l ,  7 . 10
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A n a l y s i s  o f  V a r i a n c e  o f  P r e - e x e r c i s e  A n t i c i p a t o r y  H e a r t  R a t e s  f o r  
t h e  U n f i t  S u b j e c t s  f o r  t h e  Long  and S h o r t  W o r k b o u t s
An F - r a t i o  o f  9 5 . 9 4  was found in t he  v a r i a n c e  a n a l y s i s  f o r  
t h e  u n f i t  s u b j e c t s  f o r  t h e  long and s h o r t  workbout  a n t i c i p a t o r y  
h e a r t  r a t e s .  S i n c e  7-10 was needed a t  t h e  .01 l e v e l  of  p r o b a b i l i t y ,  
t h i s  F was s t a t i s t i c a l l y  s i g n i f i c a n t .  These  d a t a  a r e  p r e s e n t e d  in 
Ta b l e  IX. The mean h e a r t  r a t e  f o r  t h e  u n f i t  s u b j e c t s  p r i o r  t o  t he  
long workbout  was 97 and 115 f o r  t h e  s h o r t  wor kbou t .  As was t he  
c a s e  w i t h  t h e  f i t  s u b j e c t s ,  t h e  a n t i c i p a t i o n  o f  t he  s h o r t  workbout  
produced  a s i g n i f i c a n t l y  h i g h e r  h e a r t  r a t e  t ha n  f o r  t h e  long workbout .
TABLE I X
A N A L Y S IS  OF VARIANCE FOR THE P R E - E X E R C I S E  A N T I C I P A T O R Y  HEART RATES 
FOR THE U N F I T  SUBJECTS FOR THE LONG AND SHORT WORKBOUTS
Source  of  
V a r i a t  ion
Sum of 
Sq u a r es
Degrees  o f  
Freedom
Mean 
Squa r e s  F P
T r e a t me n t 4 , 7 7 0 . 4 1 1 4 , 7 7 0 . 4 1  9 5 . 94 .01
E r r o r 2 , 8 8 4 . 1 7 58 4 9 . 7 2
Tot a  1 7 , 6 5 4 . 5 9 59
F needed f o r  s i g n i f i c a n c e  a t  .05 l e v e l ,  4 . 0 1 ;  .01 l e v e l ,  7-10
A n a l y s i s  o f  V a r i a n c e  o f  A n t i c i p a t o r y  He a r t  Ra tes  f o r  t h e  F i t  and 
U n f i t  S u b j e c t s  f o r  t h e  Long Workbout
In Ta b l e  X, i t  can be seen t h a t  t h e  F - r a t i o  o f  26 . 67  f o r  t h e  
a n a l y s i s  o f  v a r i a n c e  f o r  g roup c o mp a r i s o n s  f o r  a n t i c i p a t o r y  h e a r t
58
r a t e  t o  t h e  long workbou t  was much g r e a t e r  t han  t h e  7*10 needed f o r  
s i g n i f i c a n c e  a t  t h e  .01 l e v e l  o f  p r o b a b i l i t y .  Th i s  i n d i c a t e d  t h a t  
a d i f f e r e n c e  d i d  e x i s t  in t h e  a n t i c i p a t o r y  h e a r t  r a t e s  o f  t he  f i t  
and u n f i t  s u b j e c t s  j u s t  b e f o r e  p e r f o r m i n g  t h e  long wor k b o u t .  The 
mean h e a r t  r a t e  f o r  t he  f i t  s u b j e c t s  in a n t i c i p a t i o n  o f  t he  long 
workbou t  was 8 8 . 8 3 ,  and t h e  mean h e a r t  r a t e  was 97 f o r  t h e  u n f i t  
subj  e c t s .
TABLE X
ANALYSIS OF VARIANCE FOR THE FIT AND UNFIT SUBJECTS FOR 
ANTICIPATORY HEART RATES FOR THE LONG WORKBOUT
S o u r c e  o f  
V a r  i a t  i on
Sum o f  D e g r e e s  o f  
S q u a r e s  F r e e d o m
Mean
S q u a r e s F P
T r e a t m e n t 1 , 05 8 . 3 3  1 1 , 058 . 33 26 .67  .01
E r r o r 2 , 3 0 1 . 6 8  58 39 . 68
T o t a  1 3 , 3 6 0 . 0 1  59
F n e e d e d f o r  s i g n i f i c a n c e  a t  .05  l e v e l , 4 . 0 1 ;  . 0 1 1 e v e  1, 7 . 10
A n a l y s i s  o f  V a r i a n c e  o f  P r e - e x e r c i s e  A n t i c i p a t o r y  H e a r t  R a t e s  f o r
t h e  F i t  and U n f i t  S u b j e c t s  f o r  t h e  S h o r t  Workbout
A n a l y s i s  o f  v a r i a n c e  t e c h n i q u e s  a p p l i e d  t o  t h e  f i t  and u n f i t  
s u b j e c t s  f o r  t h e  a n t i c i p a t o r y  h e a r t  r a t e s  f o r  t h e  s h o r t  workbout  
p r oduced  an F - r a t i o  o f  15.31 which exce eded  t h e  7 . 10  needed t o  be 
s t a t i s t i c a l l y  s i g n i f i c a n t  a t  t he  .01 l e ve l  o f  p r o b a b i l i t y .  These 
d a t a  a r e  p r e s e n t e d  in T a b l e  XI.
Thi s  i n d i c a t e d  t h a t  a d i f f e r e n c e  d i d  e x i s t  in t h e  a n t i c i ­
p a t o r y  h e a r t  r a t e  o f  t he  f i t  and u n f i t  s u b j e c t s  b e f o r e  p e r fo r mi n g  
t h e  s h o r t  wor kbou t .  The a n t i c i p a t o r y  h e a r t  r a t e  mean f o r  t h e  f i t  
s u b j e c t s  was 109, and 115 f o r  t h e  u n f i t  s u b j e c t s .
TABLE XI
ANALYSIS OF VARIANCE OF PRE-EXERCISE ANTICIPATORY HEART RATES 
FOR THE FIT AND UNFIT SUBJECTS FOR THE SHORT WORKBOUT
Source  o f  
Var i a t  i on
Sum of  
S qua r e s
Degrees  o f  
F reedom
Mean
Squa r es F P
T r e a t me n t 453 . 75 1 453 . 75 15.31 .01
E r r o r 1 , 71 8 . 7 5 58 29 . 63
Tot a  1 2 , 1 7 2 . 5 0 59
F needed f o r  s i g n i f i c a n c e  a t  .05 l e v e l ,  4 . 0 1 ;  „01 l e v e l ,  7 . 10
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WORKBOUTS
SUBJECTS
LONG
FIT UNFIT
SHORT
FIT UNFIT
R e s t i n g  ( P r e - e x e r c i s e ) 7 5 . 4 8 0 . 2 7 4 . 9 8 0 . 4
Ant i c i p a t o r y 8 8 . 8 97-0 109.5 115.0
Recovery Ra t e s  ( Mi n u t e s ) 1 126 150 131 156
2 116 l4l 123 146
3 108 131 115 136
4 104 123 109 128
5 101 118 105 121
6 99 113 102 117
7 98 109 100 113
8 95 106 99 111
9 94 104 98 108
10 93 102 97 107
11 91 101 95 104
12 90 100 94 102
13 90 99 93 102
14 89 98 92 101
15 88 97 92 100
Mean Recovery  R a t e s 99 . 2 113.0 103.3 117.2
Mean Recovery Ra t e s  f o r Comb i ned Groups f o r  t he Long and S h o r t
Wor kbou t s :
Long Workbout  106
S h o r t  Workbout  110
Mean Recovery  R a t e s  f o r  Combined Workbouts  f o r  t h e  F i t  and U n f i t  
Subj e c t s :
F i t  S u b j e c t s  101
Unf i t  Subj e c t s  115
CHART 1
SUMMARY OF MEAN RESTING, ANTICIPATORY, AND COMBINED RECOVERY 
HEART RATES OF THE FIT AND UNFIT SUBJECTS FOR THE LONG
AND SHORT WORKBOUTS
CHAPTER V
SUMMARY, FINDINGS, DISCUSSION, CONCLUSIONS, AND 
RECOMMENDATIONS FOR FURTHER STUDY
I . SUMMARY
I t  was t h e  p r i m a r y  p u r po s e  o f  t h i s  s t u d y  t o  i n v e s t i g a t e  t h e  
e f f e c t s  of  a s h o r t  i n t e n s i v e  workbou t  and a p r o l o n ge d  d u r a t i o n  
workbout  on t h e  r e c o v e r y  h e a r t  r a t e s  of  c a r d i o v a s c u l a r l y  f i t  and 
u n f i t  s u b j e c t s .  S e c o n d l y ,  t h i s  s t u dy  s o u g h t  t o  compare t h e  r e s t i n g  
and workbout  a n t i c i p a t o r y  h e a r t  r a t e s  of  t h e  f i t  and u n f i t  
s u b j e c t s .
The s u b j e c t s  in t h i s  s t u d y  were  s i x t y  ma le  s t u d e n t s  r a n g i n g  
in age f rom n i n e t e e n  t o  t w e n t y - f i v e  y e a r s  f rom t h e  U n i v e r s i t y  o f  
So u t h e r n  M i s s i s s i p p i ,  H a t t i e s b u r g ,  M i s s i s s i p p i .  The d a t a  were  
c o l l e c t e d  d u r i n g  p a r t s  of  J u l y  and Au g u s t ,  1968 a t  t h e  U n i v e r s i t y  
o f  So u th e r n  M i s s i s s i p p i .  Two g roups  were  f o r med ,  composed of  
c a r d i o v a s c u l a r l y  f i t  and u n f i t  s u b j e c t s ,  based  on t h e  Johnson  and 
Robinson S h o r t  Form of  t h e  Harvard  S t ep  T e s t .  S u b j e c t s  h a v i n g  an 
index s c o r e  o f  e i g h t y  and above were  p l a c e d  in t h e  f i t  g roup and 
t h o s e  h av i ng  an index o f  f i f t y  and below were  p l a c e d  in t h e  u n f i t  
g roup .
Each s u b j e c t  was g iven  an a p p o i n t me n t  a t  which t ime he was 
g iven  a p ro l o ng ed  d u r a t i o n  t r i a l  workbout  t o  e s t a b l i s h  a t r e a d m i l l
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speed which would p r od u c e  t h e  d e s i r e d  h e a r t  r a t e  l e ve l  o f  180 b e a t s  
p e r  mi nu t e  in no l e s s  t han  f i f t e e n  m i n u t e s .  Two s u b j e c t s  were  t hen  
s ch e d u l e d  f rom each  group t o  be t e s t e d  d u r i n g  t h e  same t e s t i n g  
p e r i o d .  One s u b j e c t  f rom e ac h  g roup  was t e s t e d  on t h e  s h o r t  
i n t e n s i v e  workbout  w h i l e  one s u b j e c t  f rom each  group  compl e t e d  t h e  
p r o l onged  d u r a t i o n  wor kbou t .  Th i s  p r o c e d u r e  was f o l l o we d  t h r o u g h o u t  
t h e  s t u d y  t o  i n s u r e  c o mp a r ab l e  t e s t i n g  c o n d i t i o n s  f o r  each  group.
A p r e - e x e r c i s e  h e a r t  r a t e  r e a d i n g  was t aken  f o r  each s u b j e c t  
j u s t  b e f o r e  each  o f  t h e  two w o r k b o u t s .  Th i s  was done a f t e r  a f i v e  
mi nu t e  r e s t  p e r i o d  in a s u p i n e  p o s i t i o n  in a room in which t h e  
t e m p e r a t u r e  ranged f rom s e v e n t y - o n e  t o  s e v e n t y - t h r e e  d e g r e e s  
F a h r e n h e i t .  An o t h e r  h e a r t  r a t e  r e c o r d i n g  was t a k e n  when each  s u b j e c t  
was in t h e  e x e r c i s e  p o s i t i o n  on t h e  t r e a d m i l l  j u s t  b e f o r e  t h e  s t a r t i n g  
o f  t h e  mot o r  f o r  b o t h  t h e  s h o r t  and long w o r kb o u t s .  T h i s  was done f o r  
t h e  p u r p o s e  o f  r e c o r d i n g  t h e  a n t i c i p a t o r y  e f f e c t s ,  i f  any ,  upon t h e  
change  in h e a r t  r a t e  f o r  t h e  two t y p e s  o f  wor k b o u t s .
The s h o r t  i n t e n s i v e  workbou t  c o n s i s t e d  o f  r un n i n g  on a 
t r e a d m i l l  a t  t e n  m i l e s  p e r  hour  w i t h  a 30 p e r  c e n t  g r ad e  s e t t i n g .
Th i s  s e t t i n g  was used t o  p r od u c e  a h e a r t  r a t e  l e ve l  o f  180 b e a t s  
p e r  mi nu t e  in l e s s  t h a n  a o n e - m i n u t e  t i me  p e r i o d .  The p r o l onged  
d u r a t i o n  workbout  c o n s i s t e d  o f  r un n i n g  on t h e  t r e a d m i l l  a t  z e r o  
g r ad e  a t  a speed p r e v i o u s l y  e s t a b l i s h e d  in t h e  p r a c t i c e  t e s t i n g  
p e r i o d .  Thi s  workbou t  a l s o  p r oduced  a h e a r t  r a t e  l eve l  o f  180 b e a t s  
p e r  m i n u t e ,  b u t  i t  r e q u i r e d  a work t i me  o f  f i f t e e n  mi nu t e s  o r  l o n g e r
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t o  a t t a i n .  A s o l i d  w i r e  E and M c a r d i o t a c h o m e t e r  c o n s t r u c t e d  by the  
E and M I n s t r u m e n t  Company was used t o  m o n i t o r  h e a r t  r a t e s .
An a n a l y s i s  was made t o  d e t e r m i n e  t h e  e f f e c t s  o f  t h e  two 
t y p e s  o f  t r e a d m i l l  wor kbout s  on the  f i t  and u n f i t  s u b j e c t s '  h e a r t  
r a t e  r e c o v e r y .  The a n a l y s i s  o f  v a r i a n c e  u t i l i z e d  a s p l i t - p l o t  
a r r an g em e n t  o f  t r e a t m e n t s  in a c o m p l e t e l y  randomized d e s i g n  w i t h  two 
g roups  ( f i t  and u n f i t )  a s  w h o l e - p l o t s  w i t h  t h i r t y  s u b j e c t s  p e r  group 
and a 2 x 15 f a c t o r i a l  s p l i t - p l o t  d e s i g n  w i t h  two w or kbou t s  and 
f i f t e e n  t i me  m e a s u r e s .
A n a l y s i s  o f  v a r i a n c e  was a l s o  used t o  d e t e r m i n e  i f  s i g n i f i c a n t  
d i f f e r e n c e s  e x i s t e d  be t ween t h e  f i t  and u n f i t  s u b j e c t s '  r e s t i n g  and 
a n t i c i p a t o r y  h e a r t  r a t e s .
I I .  FINDINGS
The f i n d i n g s  o f  t h i s  s t u d y  were  as f o l l o w s ;
1. A s i g n i f i c a n t  d i f f e r e n c e  was found t o  e x i s t  between t h e  
h e a r t  r a t e  r ec o v e r y  p a t t e r n s  o f  t h e  f i t  and u n f i t  
s u b j e c t s  a t  t h e  .01 l e v e l  o f  p r o b a b i l i t y .  The r e c o v e r y  
r a t e s  f o r  t h e  u n f i t  s u b j e c t s  were s i g n i f i c a n t l y  h i g h e r  
t h a n  t h e  r e c o v e r y  r a t e s  f o r  t h e  f i t  s u b j e c t s .
2 .  The h e a r t  r a t e  r e s p o n s e s  t o  t h e  long and s h o r t  d u r a t i o n  
w or kbou t s  were  found t o  be s i g n i f i c a n t l y  d i f f e r e n t  a t  
t h e  .01 l e ve l  o f  c o n f i d e n c e  w i t h  t h e  s h o r t  d u r a t i o n  
workbout  p r od u c i n g  a h i g h e r  h e a r t  r a t e  r ec o v e r y  p a t t e r n  
t h a n  d i d  t h e  long wor kbou t .
No s i g n i f i c a n t  i n t e r a c t i o n  was found between t y p e  of  
workbout  and f i t n e s s  o f  t he  s u b j e c t s ,  i n d i c a t i n g  t h a t  
t h e  d i f f e r e n c e  in r e c o v e r y  r a t e  f o r  t he  f i t  and u n f i t  
g roups  remained un i f o r m f o l l o w i n g  bo th  t h e  s h o r t  and 
long w o r kb o u t s .
A s i g n i f i c a n t  d i f f e r e n c e  was found t o  e x i s t  in t he  h e a r t  
r a t e s  d u r i n g  t he  f i f t e e n  mi nu t e  r e c o v e r y  p e r i o d  of  both  
g r ou p s ,  f i t  and u n f i t  s u b j e c t s ,  a t  t h e  .01 l e ve l  o f  p r o ­
b a b i l i t y .  Or thogona l  co mp a r i s o n s  f o r  r e g r e s s i o n  showed 
t h e  r ec o v e r y  p a t t e r n  t o  be s i g n i f i c a n t l y  l i n e a r .
No s i g n i f i c a n t  i n t e r a c t i o n  was found between type  o f  
workbout  and p u l s e  r a t e  r e c o v e r y  p a t t e r n s ,  i n d i c a t i n g  
t h a t  t h e  r e c o v e r y  r a t e s  p r oduced  by t h e  s h o r t  workbout  
remained u n i f o r m l y  h i g h e r  t han  t h e  r e c o v e r y  r a t e  f o r  t he  
long workbout  t h r o u g h o u t  t h e  f i f t e e n  mi nu t e  p e r i o d .
A s i g n i f i c a n t  d i f f e r e n c e  was found in t h e  i n t e r a c t i o n  o f  
t h e  f i t  and u n f i t  s u b j e c t s  f o r  t h e  f i f t e e n  mi nu t e  h e a r t  
r a t e  r e c o v e r y  p a t t e r n  a t  t h e  .01 l e ve l  o f  p r o b a b i l i t y .
I t  was shown t h a t  a l t h o u g h  t h e  u n f i t  s u b j e c t s '  mean 
p u l s e  r a t e  was h i g h e r  t ha n  t he  mean f o r  t h e  f i t  s u b j e c t s ,  
i t  was much more pronounced  immed i a t e l y  f o l l o w i n g  
e x e r c i s e  t h a n  in t h e  l a t t e r  p a r t  o f  t h e  r ec o v e r y  p e r i o d .  
The u n f i t  s u b j e c t s  showed a s i g n i f i c a n t l y  h i g h e r  r e s t i n g  
h e a r t  r a t e  p r i o r  t o  e x e r c i s e  t ha n  d i d  t h e  f i t  s u b j e c t s .  
The u n f i t  s u b j e c t s  were  found t o  have a s i g n i f i c a n t l y
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h i g h e r  a n t i c i p a t o r y  h e a r t  r a t e  t h a n  d i d  t h e  f i t  s u b j e c t s  
p r i o r  t o  e x e r c i s e  f o r  b o t h  t h e  s h o r t  and  l o n g  w o r k b o u t s .
I I I .  D I S C U S S I O N  OF F I N D I N G S
T h e  f i n d i n g s  o f  t h i s  s t u d y  i n d i c a t e d  t h a t  a s i g n i f i c a n t  
d i f f e r e n c e  was f o u n d  t o  e x i s t  b e t w e e n  t h e  f i t  and u n f i t  s u b j e c t s  
w i t h  t h e  u n f i t  p r o d u c i n g  a h i g h e r  h e a r t  r a t e  r e c o v e r y  p a t t e r n  f o r  
t h e  c o m b i n e d  w o r k b o u t s .  T h i s  was e x p e c t e d  b e c a u s e  o f  t h e  p r o c e d u r e  
o f  s u b j e c t  s e l e c t i o n  e m p l o y e d  i n  t h i s  s t u d y .  O f  s i g n i f i c a n c e ,  
p e r h a p s ,  was t h e  f i n d i n g  w h i c h  r e v e a l e d  a d i f f e r e n c e  in  r e c o v e r y  
r a t e s  b e t w e e n  t h e  s h o r t  and l o n g  w o r k b o u t s .  T h e  s h o r t  w o r k b o u t  
p r o d u c e d  a s i g n i f i c a n t l y  h i g h e r  r e c o v e r y  h e a r t  r a t e  p a t t e r n  t h a n  
d i d  t h e  l o n g  w o r k b o u t .  T h i s  c o n t r a d i c t e d  s t a t e m e n t s  made i n  t h e  
l i t e r a t u r e  w i t h  r e g a r d  t o  s h o r t  and l o n g  d u r a t i o n  e x e r c i s e .
T h e  n o n - s i g n i f i c a n t  i n t e r a c t i o n  b e t w e e n  f i t n e s s  l e v e l s  and  
w o r k b o u t s  w as i n t e r p r e t e d  t o  mean t h a t  t h e  d i f f e r e n c e  b e t w e e n  t h e  
r e c o v e r y  r a t e s  f o r  t h e  s h o r t  and l o n g  w o r k b o u t s  r e m a i n e d  e s s e n ­
t i a l l y  u n i f o r m  i n  e a c h  f i t n e s s  g r o u p .  T h e  s i g n i f i c a n t  f i n d i n g s  i n  
t h e  a n a l y s i s  o f  t h e  r e c o v e r y  h e a r t  r a t e  p a t t e r n  f r o m  t h e  h i g h  l e v e l  
o f  180  b e a t s  p e r  m i n u t e  f o r  a f i f t e e n  m i n u t e  r e c o v e r y  p e r i o d  was  
e x p e c t e d .  O r t h o g o n a l  c o m p a r i s o n s  f o r  t h e  r e c o v e r y  p a t t e r n s  showed  
a s i g n i f i c a n t  l i n e a r  r e l a t i o n s h i p ,  w h i c h  was a l s o  e x p e c t e d .  
F u r t h e r m o r e ,  t h e  f i n d i n g  t h a t  r e v e a l e d  d e v i a t i o n s  f r o m  l i n e a r i t y  
was i n  k e e p i n g  w i t h  t h e  n a t u r e  o f  h e a r t  r a t e  r e c o v e r y  f r o m  a h i g h  
r a t e  t o  a l o w  r a t e  s i n c e  i t  ha s  b e e n  w e l l  e s t a b l i s h e d  t h a t  t h e
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h e a r t  r a t e  d r o p s  m o r e  i n  t h e  f i r s t  f e w  m i n u t e s  o f  r e c o v e r y  t h a n  i n  
t h e  l o n g e r  t i m e  p e r i o d s .  H o w e v e r ,  i t  was s e e n  in  t h i s  s t u d y  t h a t  
t h e  d i f f e r e n c e  b e t w e e n  f i t  and u n f i t  s u b j e c t s '  r e c o v e r y  r a t e s  was  
much m o re  p r o n o u n c e d  i n  t h e  f i r s t  f i v e  m i n u t e s  t h a n  i n  t h e  l a t t e r  
p o r t i o n  o f  t h e  r e c o v e r y  p e r i o d .
T h e  l o n g  and s h o r t  w o r k b o u t - t i m e  i n t e r a c t i o n  a n a l y s i s  
p r o d u c e d  no s i g n i f i c a n t  d i f f e r e n c e .  T h e  r e s u l t  o f  t h i s  a n a l y s i s  
i n d i c a t e d  t h a t  t h e  d i f f e r e n c e  b e t w e e n  t h e  t w o  w o r k b o u t s  r e m a i n e d  
r e l a t i v e l y  c o n s t a n t  t h r o u g h o u t  t h e  r e c o v e r y  p e r i o d .
T h e  p r e - e x e r c i s e  r e s t i n g  h e a r t  r a t e  a n a l y s i s  o f  t h e  f i t  and  
u n f i t  s u b j e c t s  p r o d u c e d  a s i g n i f i c a n t  d i f f e r e n c e , w i t h  t h e  f i t  
s u b j e c t s  h a v i n g  s i g n i f i c a n t l y  l o w e r  r e s t i n g  h e a r t  r a t e s  t h a n  t h e  
u n f i t .  T h i s  f i n d i n g  s u p p o r t e d  H e n r y ' s  c o n c l u s i o n  t h a t  t h e  r e s t i n g  
h e a r t  r a t e  i s  an i n d i c a t i o n  o f  c o n d i t i o n i n g . '
T h e  p r e - e x e r c i s e  a n t i c i p a t o r y  h e a r t  r a t e  a n a l y s i s  p r o d u c e d  
f i n d i n g s  o f  s i g n i f i c a n t  d i f f e r e n c e s  f o r  t h e  f i t  and u n f i t  s u b j e c t s  
f o r  b o t h  t h e  l o n g  and s h o r t  w o r k b o u t s .  T h e  s h o r t  w o r k b o u t  p r o d u c e d  
h i g h e r  a n t i c i p a t o r y  h e a r t  r a t e s  i n  b o t h  g r o u p s  t h a n  d i d  t h e  l o n g  
w o r k b o u t  w i t h  t h e  u n f i t  s u b j e c t s  h a v i n g  h i g h e r  mean r a t e s  t h a n  t h e  
f i t  s u b j e c t s  i n  b o t h  t h e  l o n g  and s h o r t  w o r k b o u t s .  T h e r e  i s  t h e  
p o s s i b i l i t y  t h a t  t h i s  f i n d i n g  m i g h t  h a v e  a b e a r i n g  on t h e  r e c o v e r y  
h e a r t  r a t e s  s i n c e  i t  i s  n a r r o w i n g  t h e  d i f f e r e n c e  b e t w e e n  t h e  i n i t i a l
' f . M. Henry,  " I n f l u e n c e  o f  A t h l e t i c  T r a i n i n g  on t h e  R e s t i n g  
C a r d i o v a s c u l a r  Sy s t e m , "  Resea rc h  Q u a r t e r l y ,  Vol .  25 ,  No. 1 ( 195^) ,  
2 8 .
67
r a t e s  and t h e  180 b e a t s  pe r  m i n u t e .  T h i s  s i t u a t i o n  c o u l d  have
d e p l e t e d  t o  some e x t e n t  t h e  c a r d i a c  r e s e r v e  o f  t h e  f i t  and u n f i t
s u b j e c t s ,  r e s u l t i n g  in a h i g h e r  r e c o v e r y  p a t t e r n .  The p r o l onged
d u r a t i o n  workbout  p roduced  much l e s s  a n t i c i p a t o r y  e f f e c t s  and
t h e r e f o r e  d id  n o t  d e p l e t e  c a r d i a c  r e s e r v e ,  hence r e s u l t i n g  in a
lower  r e c o v e r y  r a t e .  Thi s  i s  me r e l y  c o n j e c t u r e ,  s i n c e  on t h e  o t h e r
hand Elbe l  found t h a t  p r e - e x e r c i s e  h e a r t  r a t e  had l i t t l e  o r  no
2
e f f e c t  on r e c o ve r y  r a t e .
IV. CONCLUSIONS
Wi t h i n  t h e  l i m i t s  o f  t h i s  s t u d y ,  t h e  f o l l o w i n g  c o n c l u s i o n s  
were  drawn:
1. The h e a r t  r a t e  r e c o v e r y  p a t t e r n  i s  i n f l u e n c e d  by t he
n a t u r e  of  t h e  workbout  t h a t  p r od u c e s  a s t r e s s  l e v e l  of
180 b e a t s  p e r  mi n u te  in b o t h  f i t  and u n f i t  s u b j e c t s .
2.  A s h o r t  d u r a t i o n  workbou t  r e s u l t s  in a h i g h e r  r e c o v e r y
h e a r t  r a t e  p a t t e r n  t h a n  a long wor kbou t .
3.  The r e s t i n g  h e a r t  r a t e  a p p a r e n t l y  i s  an i n d i c a t o r  o f  
p h y s i c a l  f i t n e s s .
4 .  R e g a r d l e s s  o f  t he  l e v e l  o f  f i t n e s s  o f  t h e  s u b j e c t ,  t he  
a n t i c i p a t i o n  o f  e x e r c i s e  p r od u c e s  an i n c r e a s e  in h e a r t  
r a t e .  Moreover ,  s i n c e  t h e  u n f i t  s u b j e c t ' s  a n t i c i p a t o r y
2
Edwin R. E l b e l ,  "The R e l a t i o n s h i p  Between P r e - E x e r c i s e  and 
P o s t - E x e r c i s e  P u l s e  R a t e s , "  Res ea r c h  Q u a r t e r l y , Vol .  19 ( Oc t obe r ,  
1948) ,  222-228 .
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r a t e  i s  c o n s i s t e n t l y  h i g h e r  t ha n  t he  f i t  s u b j e c t ' s ,  t he  
t y p e  o f  e x e r c i s e  t o  be engaged in cou l d  have a s i g n i f i c a n t  
b e a r i n g  on t h e  pe r fo r ma n c e  o f  u n f i t  s u b j e c t s .
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APPENDIX A
PERSONAL AND PERFORMANCE DATA FOR THE F I T
AND U N F I T  SUBJECTS
F i t  S u b j e c t s '  M eans  and R ang e  o f  S c o r e s
Mean Range
Age 21 . 93  y e a r s 20-24  y e a r s
Wei g h t 165.2 pounds 135—210 pounds
Hei g h t 5 '  1 1" 5 ' 8 " - 6 ' 2 "
P h y s i c a l  E f f i c i e n c y  Index 8 1 . 52 8 0 . 0 - 8 9 . 5
Long Workbout :
Ti me 15*58 mi n u te s 15-16 mi nu t e s
Yards 2153 . 76  y a r ds 1920-2272 y a r d s
Speed 6 . 4 l  mph 6-7  mph
R e s t i n g  H e a r t  Rate 7 5 . 4  B.P.M. 65-80  B.P.M.
A n t i c i p a t o r y  H e a r t  Rate 8 8 . 8  B.P.M. 80-100  B.P.M.
S h o r t  Workbout :
Ti me 4 1 . 95  seconds 22-52  seconds
Yards 153. 4  y a r ds 82-199  ya r ds
Speed 1 0 mph
Grade 30 p e r  c e n t
R e s t i n g  H e a r t  Rate 7 4 . 9  B.P.M. 65-80  B.P.M.
A n t i c i p a t o r y  H e a r t  Rate 109.5 B.P.M. 85-130  B.P.M.
U n f i t  S u b j e c t s '  Means and Range of  Sc o r e s
Mean Ranqe
Age 2 2 . 4  y e a r s 19-25 y e a r s
We i gh t 176.3 pounds 140-260 pounds
He i gh t 5 '  10" 5 i 6 " - 6 ' 2 "
P h y s i c a l  E f f i c i e n c y  Index 41 .79 3 7 . 1 - 4 8 . 9
Long Workbout :
Time 15.81 mi nu t e s 15-16 mi nu t e s
Yards 1585.8 y a r d s 1411 — 1808 ya r d s
Speed 4 . 5 3  mph 4 - 5 - 5  mph
R e s t i n g  He a r t  Rate 8 0 . 2  B.P.M. 74-90  B.P.M.
A n t i c i p a t o r y  H e a r t  Rate 97 B.P.M. 85-110  B.P.M.
Sh or t  Workbout :
Time 25.1  s econds 19-31 seconds
Yards 9 1 . 3  y a r d s 67-110 y a r d s
Speed 10 mph
Grade 30 p e r  c e n t
R e s t i n g  H e a r t  Rate 8 0 . 4  B.P.M. 78-90  B.P.M.
A n t i c i p a t o r y  H e a r t  Rate 115 B.P.M. 100-125 B.P.M.
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APPENDIX B
MEAN RECOVERY RATES FOR COMBINED GROUPS, WORKBOUTS, AND COMPOSITE  
WORKBOUTS AT EACH MINU TE OF THE RECOVERY PERIOD
Mean R e c o v e r y  R a t e s  f o r  C om bi ne d  G r o u p s  f o r  t h e  Lon g and  S h o r t
Workbouts
Long Workbout 106
S h o r t  Workbout 110
Mean Recovery Rat es  f o r Combined Workbouts  f o r t he  F i t  and Unf i t
S u b ] e c t s
F i t  S u b j e c t s 101
U n f i t  S u b j e c t s 115
Mean Recovery  Ra t es  f o r Composi t e  Workbouts  a t Each Minute of  t he
R e c o v e r y  P e r i o d
Pe r i od Mean T i m e  P e r i o d Mean
1 141 .0 9 101 .5
2 131-7 10 100. 1
3 122.7 1 1 9 8 . 2
4 1 16.4 12 9 6 . 9
5 1 1 1 .8 13 9 6 . 0
6 108.2 14 9 5 . 2
7 105.6 15 9 4 . 6
8 103.0
7 6
APPENDIX C
MEAN RECOVERY RATES FOR GR O U P -T IM E  AND WORK-TIME IN TER ACT IO NS
G r o u p - T i m e  I n t e r a c t i o n  M ean s a t  Each  M i n u t e  o f  t h e  R e c o v e r y  P e r i o d  
F o r  t h e  Long and S h o r t  W o r k b o u t s
T i m e  P e r i o d  Long W o r k b o u t  S h o r t  W o r k b o u t
1 128.9 153.2
2 119.8  143.5
3 111 .6  133.9
4 106.9  126.0
5 103.5 120.0
6 101.2 115.3
7 9 9 . 5  111-7
8 9 7 - 4  108.5
9 9 6 . 5  106.4
10 9 5 . 4  104.8
11 9 3 . 6  102.7
12 9 2 . 5  101.4
13 9 1 . 6  100.5
14 9 0 . 7  9 9 . 7
15 9 0 . 0  99.1
W o r k - T i m e  I n t e r a c t i o n  Means a t  Each  M i n u t e  o f  t h e  R e c o v e r y  P e r i o d
F o r  t h e  F i t  and U n f i t  S u b j e c t s
T i m e  P e r i o d  F i t  S u b j e c t s  U n f i t  S u b j e c t s
1 138.3 143.8
2 128.5 134.8
3 119.7 125.8
4 114. 0  118.9
5 110 .0  113.5
6 106 . 5  11 0 . 0
7 104. 0  107.2
8 100.8  105.1
9 99-5 103.5
10 9 8 . 0  102.2
11 9 6 . 4  100.0
12 9 5 . 4  9 8 . 5
13 9 4 . 5  9 7 . 5
14 93 -6  9 6 . 8
15 9 2 . 8  9 6 . 4
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APPENDIX D
ORIGINAL DATA COLLECTED FOR THE FIT SUBJECTS
SUBJECT NO. 1 
AGE: 22 HT: 5 1 11" WT: 155
INDEX SCORE: 8 6 . 5
LONG SHORT 
_______________ WORKBOUT WORKBOUT
RESTING
HEART RATE J 8 ______  J 8 ______
ANTICIPATORY .  ,,,,-
HEART RATE ^ *
TREADMILL
SPEED 6 . 5  mph 10 mph
TIME 16 mi n. 40 s e c .
GRADE z e r o 30%
LOAD 2272 yds . 147 yds .
ME PERIOD HEART
RATE
HEART
RATE
1 115 140
2 95 140
3 90 135
4 90 130
5 90 120
6 90 110
7 90 110
8 85 n o
9 85 110
10 85 90 . . .
11 85 80
12 00 vn 80
13 00 U1 80
14 85 80
15 CO 80
SUBJECT NO. 2 
AGE: 22 HT: 5 1 10" WT: [70 
INDEX SCORE: 8 6 . 5
LONG
WORKBOUT
SHORT
WORKBOUT
RESTING 
HEART RATE 75 ..70
ANTICIPATORY 
HEART RATE 80 85
TREADMILL 
SPEED 6 . 5  mph 1 0 mph
TIME 16 min. 4 5 . 5  sec
GRADE z e r o 30%
LOAD 2272 yds . 1 64 yd s .
TIME PERIOD HEART
RATE
HEART
RATE
1 105 110
2 100 95
3 100 95
4 .95 95
5 95 95
6 95 90
7 95 90
8 .90 90
9 90 90
10 90 90
11 90 90 ...
12 90 90
13 90 85
14 90 00
15 90 .... 85
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SUBJECT NO. 3 SUBJECT NO. 4
AGE: 22 HT: 6 11" WT: 180 AGE: 22 HT : 5 ' 1 1 "  WT: 170
INDEX SCORE: 8 9 . 5 INDEX SCORE: 8 6 .5
LONG
WORKBOUT
SHORT
WORKBOUT
LONG
WORKBOUT
SHORT
WORKBOUT
RESTING 
HEART RATE 78 78
RESTING 
HEART RATE 75 70
ANTICIPATORY 
HEART RATE 95 105
ANTICIPATORY 
HEART RATE 80 90
TREADMILL 
SPEED 7 mph 10 mph
TREADMILL 
SPEED 6 . 5  mph 10 mph
TIME 15.5 min. 51 s e c . TIME 15-1 min. 45 sec
GRADE z e r o 30% GRADE z e r o 30%
LOAD 2240 y d s . 186 y d s . LOAD 2245 y d s . 159 yds
TIME PERIOD HEART
RATE
HEART
RATE
TIME PERIOD HEART
RATE
HEART
RATE
1 100 115 1 130 125
2 100 110 2 130 115
3 95 100 3 125 1 10
4 95 95 4 125 100
5 95 95 5 115 100
6 90 95 6 1 10 100
7 90 95 7 100 95
8 90 95 8 90 90
9 90 95 9 85 90
10 90 95 10 85 90
11 90 95 11 80 90
12 80 90 12 80 90
13 80 90 13 80 85
14 80 90 14 80 85
15 80 90 15 80 85
8 0
SUBJECT NO. 5 SUBJECT NO. 6
AGE: 21 HT: 6 ' 0 "  WT: 170 AGE: 22 HT : 5 110" wt : 150
INDEX SCORE: 8 8 . 2 INDEX SCORE: 84 .5
LONG
WORKBOUT
SHORT
WORKBOUT
LONG
WORKBOUT
SHORT
WORKBOUT
RESTING 
HEART RATE 80 78
RESTING 
HEART RATE 65 65
ANTICIPATORY 
HEART RATE 85 110
ANTICIPATORY 
HEART RATE 85 90
TREADMILL 
SPEED 6 .5  mph 1 0 mph
TREADMILL 
SPEED 7 mph 10 mph
TIME 16 min. 40 s e c . TIME 15.1 min. 45 s e c .
GRADE z e r o 30% GRADE z e r o 30%
LOAD 2272 yds . 149 yds . LOAD 2262 y d s . 160 yds
TIME PERIOD HEART
RATE
HEART
RATE
TIME PERIOD HEART
RATE
HEART
RATE
1 115 125 1 120 120
2 105 115 2 100 115
3 100 100 3 95 100
4 95 95 k 90 95
5 90 90 5 85 95
6 90 90 6 85 .. 90 . . . . .
7 90 90 7 85 90
8 90 90 8 85 90 _
9 90 90 9 85 _ 9 Q
10 90 90 10 85 90
11 90 90 11 85 . .....85...
12 90 85 12 85 85
13 85 85 13 85 84
14 85 85 14 80 85
15 85 85 15 80 85 . . .
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SUBJECT NO. 7
AGE: 22  H T:  5 1 11"  WT: 145
INDEX SCORE: 8 8 . 2
LONG SHORT 
WORKBOUT WORKBOUT
RESTING
HEART RATE 80 80
A N T IC IP A T O R Y
HEART RATE 95 130
TR E A D M ILL
SPEED 6 . 5  mph 10 mph
T IM E 16 min. 52 s e c .
GRADE z e r o 30%
LOAD 2272 yds . 185 y ds .
T IM E  PERIOD HEART HEART
RATE RATE
1 130 130
2 120 125
3 110 125
4 110 120
5 100 120
6 100 115
7 100 115
8 100 110
9 95 110
10 95 105
11 95 105
12 95 100
13 90 100
14 90 100
15 90 100
SUBJECT NO. 8 
AGE: 23 HT: 5 110" WT: 180
INDEX SCORE: 8 3 .3
LONG SHORT 
WORKBOUT WORKBOUT
R ESTIN G  
HEART RATE 75 75
A N T IC IP A T O R Y  
HEART RATE 95 115
TREA DM ILL  
SPEED 6 . 5  mph 10 mph
T IM E 16 min. 52 s e c .
GRADE z e r o 30%
LOAD 2272 yds . 185 yds
T IM E  PERIOD HEART
RATE
HEART
RATE
1 130 135
2 120 125
3 115 120
4 115 120
5 105 115
6 105 110
7 100 110
8 100 110
9 100 105
10 100 105
1 1 95 100
12 95 100
13 95 100
14 90 100
15 90 100
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SUBJECT NO. 9 SUBJECT NO. 10
AGE: 21 HT : 5 ' 9 "  WT: 1.55 AGE: 20 HT: 6 , °"  WT. 185
INDEX SCORE: 8 0 . 0 INDEX SCORE: 82 .1
LONG
WORKBOUT
SHORT
WORKBOUT
LONG
WORKBOUT
SHORT
WORKBOUT
RESTING 
HEART RATE 80 80
RESTING 
HEART RATE 75 75
ANTICIPATORY 
HEART RATE 100 105
ANTICIPATORY 
HEART RATE 90 105
TREADMILL 
SPEED 6 mph 10 mph
TREADMI LL 
SPEED 6 . 5  mph 1 0 mph
TIME 15.5 min 36 s e c . TIME 16 min. 42 s e c .
GRADE z e r o 30% GRADE z e r o 30%
LOAD 1928 yds 1 34 yd s . LOAD 2272 yds 149 yds
TIME PERIOD HEART
RATE
HEART
RATE
TIME PERIOD HEART
RATE
HEART
RATE
1 130 140 1 130 125
2 125 130 2 125 120
3 115 120 3 115 110
4 115 115 4 110 110
5 110 115 5 110 110
6 100 115 6 110 110
7 100 105 7 100 100
8 100 105 8 100 100
9 100 105 9 100 100
10 100 100 10 100 100
11 100 100 11 95 95
12 95 100 12 95 95
13 95 100 13 95 90
14 90 100 14 95 90
15 90 100 15 90 90
8 3
SUBJECT NO. 11 SUBJECT NO. 12
AGE: 2k  HT: 5'8'> WT: 150 AGE: 22 HT : 6 1 O'1 WT: 165
INDEX SCORE: 8 8 . 2 INDEX SCORE: 80.  1
LONG
WORKBOUT
SHORT
WORKBOUT
LONG
WORKBOUT
SHORT
WORKBOUT
RESTING 
HEART RATE 77 72
RESTING 
HEART RATE 70 70
ANTICIPATORY 
HEART RATE 80 100
ANTICIPATORY 
HEART RATE 85 100
TREADMILL 
SPEED 7 mph 1 0 mph
TREADMILL 
SPEED 6 . 5  mph 1 0 mph
TIME 15 min. 51 s e c . TIME 16 min. k 2 .S  sec
GRADE z e r o 30% GRADE z e r o 30%
LOAD 2220 yds . 186 yds . LOAD 2325 yds 153 yds
TIME PERIOD HEART
RATE
HEART
RATE
TIME PERIOD HEART
RATE
HEART
RATE
1 100 120 1 120 125
2 100 110 2 100 110
3 95 105 3 95 100
k 95 95 k 95 100
5 95 95 5 90 100
6 95 95 6 90 100
7 90 95 7 90 95
8 90 95 8 90 95
9 90 95 9 90 95
10 90 90 10 85 95
11 90 90 11 85 95
12 80 90 12 85 95 . .
13 80 90 13 85 95
] k 80 90 ]b 85 95 ...
15 80 85 15 ...8 5 .......... 95
8 4
SUBJECT NO. 13 SUBJECT NO. 14
AGE: 21 HT : 5*9" WT: 155 AGE: 21 HT : 5 1 1 0' 1 WT: 170
INDEX SCORE: 8 0 .0 INDEX SCORE: 8 0 . 0
LONG
WORKBOUT
SHORT
WORKBOUT
LONG
WORKBOUT
SHORT
WORKBOUT
RESTING 
HEART RATE 80 80
RESTING 
HEART RATE 75 76
ANTICIPATORY 
HEART RATE 100 115
ANTICIPATORY 
HEART RATE 95 120
TREADMI LL 
SPEED 6 . 5  mph 10 mph
TREADMILL 
SPEED 6 mph 10 mph
TIME 15.1 min. 36 s e c . TI ME 15.5 min. 40 s e c .
GRADE z e r o 30% GRADE z e r o 30%
LOAD 2245 yds . 127 y d s . LOAD 1928 y d s . 147 v d s .
TIME PERIOD HEART
RATE
HEART
RATE
TIME PERIOD HEART
RATE
HEART
RATE
1 130 135 1 165 170
2 120 125 2 150 160
3 105 115 3 140 140
k 100 1 10 4 130 120
5 100 110 5 120 115
6 100 105 6 115 1 10
7 100 105 7 1 10 110
8 100 105 8 100 105
9 100 100 9 100 105
10 100 100 10 100 100
11 95 100 11 95 100
12 95 95 12 95 95
13 95 95 13 95 95
14 95 95 14 95 95
15 ... 95.., ...... ,.,95 15 95 95
8 5
SUBJECT NO. 15 SUBJECT NO. 16
AGE: 22 HT : 6 10‘1 WT: 170 AGE: 22 HT: 6 ' 1 "  WT: 180
INDEX SCORE: 8 0 . 0 INDEX SCORE: 8 1 . 0
LONG
WORKBOUT
SHORT
WORKBOUT
LONG
WORKBOUT
SHORT
WORKBOUT
RESTING 
HEART RATE 78 78
RESTING 
HEART RATE 72 75
ANTICIPATORY 
HEART RATE 95 120
ANTICIPATORY 
HEART RATE 95 100
TREADMILL 
SPEED 6 mph 10 mph
TREADMILL 
SPEED 6 . 5  mph 10 mph
TIME 15-5 min. 42 s e c . TIME 16 min. 4 2 . 5  se
GRADE z e r o 30% GRADE z e r o 30%
LOAD 1928 yds . 153 yds . LOAD 2272 v d s . 149 vds
TIME PERIOD HEART
RATE
HEART
RATE
TIME PERIOD HEART
RATE
HEART
RATE
1 130 135 1 130 125
2 115 120 2 125 120
3 105 120 3 115 115
4 100 115 4 115 110
5 100 105 5 115 100
6 95 100 6 120 100
7 95 95 7 120 100
8 95 95 8 1 15 100
9 95 95 9 100 100
10 95 95 10 100 95
11 90 95 11 90 95
12 90 95 12 90 95
13 90 95 13 90 90
90 95 14 90 90
15 90 95 15 90 90
86
SUBJECT NO.  17 SUBJECT NO. 18
AGE: 21 HT:  6 ' 2 "  WT: 2 1 0  AGE: 2 0  H T:  S ' O "  WT: 175
INDEX SCORE: 8 0 . 0  IN DEX  SCORE: 8 0 . 0
LONG
WORKBOUT
SHORT
WORKBOUT
LONG
WORKBOUT
SHORT
WORKBOUT
RESTING 
HEART RATE 75 75
RESTING 
HEART RATE 78 75
ANTICIPATORY 
HEART RATE
90 115 ANTICIPATORY — HEART RATE
90 105
TREADMILL 
SPEED 6 . 5  mph 10 mph
TREADMILL 
SPEED 6 mph 1 0 mph
TIME 16 min. 40 s e c . TIME 15.1 min. 3 3 .5  sec
GRADE z e r o 30% GRADE z e r o 30%
LOAD 2272 yds . 34-7 y ds . LOAD 1980 yds . 117 yds .
TIME PERIOD HEART
RATE
HEART
RATE
TIME PERIOD HEART
RATE
HEART
RATE
1 155 160 1 125 120
2 150 I 65 2 110 115
3 120 140 3 100 115
4 105 130 4 95 110
5 105 110 5 95 1 10
6 100 110 6 95 100
7 100 105 7 95 100
8 100 100 8 90 100
9 100 100 9 90 100
10 90 90 10 90 100
11 90 90 11 90 95
12 90 90 12 90 95
13 90 90 13 80 95
14 90 85 14 80 95
15 85 85 15 80 95
8 7
SUBJECT NO. 19
AGE: 23 HT : 6*0" WT: 175
INDEX SCORE: 8 3 .3
LONG
WORKBOUT
SHORT
WORKBOUT
RESTING 
HEART RATE 75 75
ANTICIPATORY 
HEART RATE 95 115
TREADMILL 
SPEED 6 mph 10 mph
TIME 15 min. bS s e c .
GRADE z e r o 30%
LOAD 1920 yds . 160 y d s .
TIME PERIOD HEART
RATE
HEART
RATE
1 130 130
2 120 125
3 115 120
k 115 110
5 105 105
6 105 105
7 100 105
8 100 100
9 100 100
10 100 100
11 95 100
12 95 95
13 95 95
l*f 95 95
15 . ,90 . . . . 99 ...
SUBJECT NO. 2 0
AGE: 2 2  HT:  5 1 10"  WT: j b O
INDEX SCORE: 8 2 . 1
LONG
WORKBOUT
SHORT
WORKBOUT
RESTING 
HEART RATE 78 75
ANTICIPATORY 
HEART RATE 85 110
TREADMILL 
SPEED 6 . 5  mph 10 mph
TIME 15.5  min . 50 s e c .
GRADE z e r o 30%
LOAD 2265 yds . 199 yds
TIME PERIOD HEART
RATE
HEART
RATE
1 125 ... 1^5
2 115 1 bO
3 110 135
if 110 120
5 105 115
6 100 115
7 100 105
8 100 100
9 100 100
10 100 100
11 100 100
12 100 100
13 95 100
}b 95 ... 100
15 90 100
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SUBJECT NO. 21
AGE: 22 HT': 5 ‘ 10" WT: 155
INDEX SCORE: 80.1
LONG
WORKBOUT
SHORT
WORKBOUT
RESTING 
HEART RATE 72 70
ANTICIPATORY 
HEART RATE 80 90
TREADMILL
SPEED 6 . 5  mph 1 0 mph
TIME 15.3 min.. 34 s e c .
GRADE z e r o 30%
LOAD 1928 yds , . 129
TIME PERIOD HEART
RATE
HEART
RATE
1 130 130
2 115 120
3 100 100
4 95 100
5 95 100
6 95 100
7 95 100
8 90 100
9 90 100
10 90 100
11 90 90
12 85 90
13 85 90
14 85 90
15 85 90
SUBJECT NO. 22
AGE:  23 HT:  5 ' 8 "  WT: 135
INDEX SCORE: 8 2 . 1
LONG
WORKBOUT
SHORT
WORKBOUT
R ESTIN G  
HEART RATE 75 90
A N T IC IP A T O R Y  
HEART RATE 85 120
TR E A D M ILL  
SPEED 6 mph 10 mph
T IM E 15 min. 22 s e c .
GRADE z e r o 30%
LOAD 1920 yds . 82 yds .
T IM E  PERIOD HEART
RATE
HEART
RATE
1 120 120
2 110 120
3 105 120
4 100 115
5 100 110
6 100 105
7 95 105
8 90 100
9 90 100
10 90 100
11 85 100
12 85 100
13 85 100
14 85 100
15 85 100
8 9
SUBJECT NO. 23
AGE: 2 3  HT:  5 1 11"  WT: J 6 0
INDEX SCORE: 8 2 . 1
LONG
WORKBOUT
SHORT
WORKBOUT
RESTING 
HEART RATE 75 75
ANTICIPATORY 
HEART RATE 85 120
TREADMILL 
SPEED 6 . 5  mph 10 mph
TIME 16 m in . 40 s e c .
GRADE z e r o 30%
» AD 2272 yds . 147 yds
TIME PERIOD HEART
RATE
HEART
RATE
1 130 140
2 125 130
3 115 125
4 110 120
5 105 115
6 100 105
7 100 105
8 95 95
9 90 95
10 90 95
11 90 95
12 90 95
13 90 90
14 85. 90
15 85, , 90 ..
SUBJECT NO. 24 
AGE: 23 HT: 6 'Q"  WT: 168
INDEX SCORE: 8 0 . 0
LONG
WORKBOUT
SHORT
WORKBOUT
RESTING 
HEART RATE 75 70
ANTICIPATORY 
HEART RATE 90 105
TREADMILL 
SPEED 6 . 5  mph 10 mph
TIME 15*5 m i n . 4 5 . 5  se<
GRADE z e r o 30%
LOAD 1928 yds . i 64 yd s
TIME PERIOD HEART
RATE
HEART
RATE
1 115 120
2 110 115
3 105 115
4 100 105
5 100 100
6 100 100
7 95 100
8 95 100
9 95 95
10 95 95
11 90 95
12 90 95
13 90 95
14 85 95
15 85 90
9 0
SUBJECT NO. 2£ SUBJECT NO. 26
AGE: 22 HT: 5 110" WT: 180 AGE: 21 HT : 6 ' 0 "  WT: 165
INDEX SCORE: 82.  1 INDEX SCORE: 8 0 . 0
LONG
WORKBOUT
SHORT
WORKBOUT
LONG
WORKBOUT
SHORT
WORKBOUT
RESTING 
HEART RATE 75 76
RESTING 
HEART RATE 70 70
ANTICIPATORY 
HEART RATE 85 115
ANTICIPATORY 
HEART RATE 90 115
TREADMILL 
SPEED 6 . 5  mph 1 0 mph
TREADMILL 
SPEED 6 mph 10 mph
TIME 15.1 mi n. 42 s e c . TIME 15 mi n . 34 s e c .
GRADE z e r o 30% GRADE z e r o 30%
LOAD 2245 yds . 155 y d s . LOAD 1920 yds 126 yds
TIME PERIOD HEART
RATE
HEART
RATE
TIME PERIOD HEART
RATE
HEART
RATE
1 135 135 1 135 125
2 120 125 2 120 110
3 110 110 3 110 105
4 110 100 4 110 100
5 105 95 5 1 10 90
6 105 95 6 110 90
7 105 95 7 110 90
8 100 95 8 110 90
9 100 95 9 100 90
10 100 95 10 100 90
11 100 90 11 95 90
12 .100 90 12 95 90
13 100 90 13 95 90
14 100 90 14 85 90
15 100 90 15 85 90
SUBJECT NO. 27
AGE: 2k  HT: 6 I0" WT 175
INDEX SCORE: 8 0 . 0
LONG
WORKBOUT
SHORT
WORKBOUT
RESTING 
HEART RATE 80 72
ANTICIPATORY 
HEART RATE 85 1 10
TREADMILL 
SPEED 6 .5  mph 1 0 mph
TIME 15.5 min.  50 s e c .
GRADE z e r o 30%
LOAD 2265 yds . 199 yds
TIME PERIOD HEART
RATE
HEART
RATE
1 140 150
2 130 130
3 120 125
4 120 115
5 1 10 115
6 110 110
7 1 10 105
8 105 105
9 105 105
10 100 105
11 100 105
12 100 100
13 100 100
14 90 100
15 90 100
91
SUBJECT NO. 28
AGE: 21 HT: 5 1 1 r 1 WT: 168
INDEX SCORE: 8 6 . 5
LONG
WORKBOUT
SHORT
WORKBOUT
RESTING 
HEART RATE 70 72
ANTICIPATORY 
HEART RATE 90 115
TREADMILL 
SPEED 6 mph 10 mph
TIME 15-5 min . 3 6 .5  se<
GRADE z e r o 30%
LOAD 1928 yds . 136 yds
TIME PERIOD HEART
RATE
HEART
RATE
1 130 135
2 110 120
3 100 110
4 100 100
5 95 100
6 95 . 9 5 .
7 95 . 95
8 90 95
9 90 9 5
10 90 95
11 9 0 95 .
12 9 0 9 5
13 9 0 9 0
14 9 0 9 0
15 90 .. .  ,90.........
9 2
SUBJECT NO.  29
AGE: 2 2  H T:  5 ' 9 "  WT: H+5
INDEX SCORE: 8 0 . 0
LONG
WORKBOUT
SHORT
WORKBOUT
RESTING 
HEART RATE 75 75
ANTICIPATORY 
HEART RATE 85 120
TREADMILL 
SPEED 6 . 5  mph 10 mph
TIME 16„ .mirL. 4 2  s e c .
GRADE z e r o 30%
LOAD 2272  y d s . 153 y d s
TIME PERIOD HEART
RATE
HEART
RATE
1 120 130
2 115 125
3 110 120
4 105 1 10
5 100 100
6 100 100
7 95 100
8 95 95 ...
9 95 95 .....
10 90 95
11 90 95
12 9 0 95
13 90 95
14 90 90
15 85 90 ....
SUBJECT NO. 3 0
AGE: 22  HT:  6 *  1" WT: J 6 0
INDEX SCORE: 8 2 . i
LONG
WORKBOUT
SHORT
WORKBOUT
RESTING 
HEART RATE .75 80
ANTICIPATORY 
HEART RATE 85 115
TREADMILL 
SPEED 6 .5  mph 1 0 mph
TIME 16 min. 42 s e c .
GRADE z e r o 30%
LOAD 2272 yds . 155 yds
TIME PERIOD HEART
RATE
HEART
RATE
1 120 130
2 115 125
3 110 125
4 105 120
5 100 115
6 100 110
7 100 105
8 95 105
9 95 100
10 95 100
11 95 100
12 95 95
13 90 95
14 90 95
15 90 90
A PP END IX  E
O R IG IN A L  DATA COLLECTED FOR THE U N F IT  SUBJECTS
SUBJECT NO. 1 SUBJECT NO. 2
AGE: 23 HT : 6 ' 1 "  wt : 180 AGE: 25 HT: 6^0" WT: 197
INDEX SCORE: 39 .9 INDEX SCORE: 37.1
LONG
WORKBOUT
SHORT
WORKBOUT
LONG
WORKBOUT
SHORT
WORKBOUT
RESTING 
HEART RATE 85 80
RESTING 
HEART RATE 78 78
ANTICIPATORY 
HEART RATE 105 120
ANTICIPATORY 
HEART RATE 110 120
TREADMILL 
SPEED 4 mph 1 0 mph
TREADMILL 
SPEED 4 . 5  mph 1 0 mph
TIME 15.5 min. 28 s e c . Tl ME 16 min. 20 s e c .
GRADE z e r o 30% GRADE z e r o 30%
LOAD 1411 yd s . 101 yd s . LOAD 1616 yds 73 yds .
TIME PERIOD HEART
RATE
HEART
RATE
TIME PERIOD HEART
RATE
HEART
RATE
1 150 140 1 145 150
2 135 130 2 135 140
3 125 120 3 125 135
4 115 110 4 120 135
5 110 105 5 120 125
6 110 105 6 115 120
7 105 105 7 115 _ 115
8 105 105 8 110 110
9 105 105 9 110 110
10 105 105 10 110 110
11 105 105 11 110 110
12 105 105 12 100 110
13 100 105 13 100 100
14 100 100 14 100 100
15 100 100 15 100 100
93
9 4
SUBJECT NO. 3 SUBJECT NO. 4
AGE: 23 HT : 5 ' 9 "  WT. 160 AGE: 22 HT : 5 ' 1 0 "  wt : 180
INDEX SCORE: 4 2 . 5 INDEX SCORE: 4 1 . 9
LONG
WORKBOUT
SHORT
WORKBOUT
LONG
WORKBOUT
SHORT
WORKBOUT
RESTING 
HEART RATE 74 78
RESTING 
HEART RATE 80 80
ANTICIPATORY 
HEART RATE 100 115
ANTICIPATORY 
HEART RATE 100 115
TREADMILL 
SPEED 4 . 5  mph 1 0 mph
TREADMILL 
SPEED 4 mph 10 mph
TIME 16 min. 26 s e c . TIME 15-5 min 28 s e c .
GRADE z e r o 30% GRADE z e r o 30%
LOAD 1411 yds . 104 yds . LOAD 1411 yds . 101 yds
TIME PERIOD HEART
RATE
HEART
RATE
TIME PERIOD HEART
RATE
HEART
RATE
1 155 165 1 150 155
2 145 150 2 145 150
3 135 145 3 l4o 145
4 130 135 4 135 ]4o
5 125 130 5 130 130
6 115 125 6 125 130
7 110 125 7 125 125
8 105 115 8 115 125
9 110 115 9 110 120
10 105 110 10 105 115
1 1 105 110 11 105 110
12 100 105 12 105 110
13 100 105 13 100 110
14 100 105 14 100 110
15 100 105 15 100 100
95
SUBJECT NO. __5_ 
AGE: 22 H T ;5 1 11" WT; 190
SUBJECT NO. 6 
AGE: 19 H T:5 19" WT • • O
INDEX SCORE: 37.1
SHORT
WORKBOUT
INDEX SCORE: 4 2 .5
SHORT
WORKBOUT
LONG
WORKBOUT
LONG
WORKBOUT
RESTING RESTING
HEART RATE 80 80 HEART RATE 78 80
ANTICIPATORY ANTICIPATORY
HEART RATE 110 125 HEART RATE 100 115
TREADMILL TREADMILL
SPEED 4 . 5  mph 1 0 mph SPEED 4 mph 1 0 mph
TIME 15.5 min. 26 s e c . TIME 15.5 min. 29 s e c .
GRADE z e r o 30% GRADE z e r o 30%
LOAD 1411 yd s . 104 y d s . LOAD 1411 v d s . 105 vds
TIME PERIOD HEART HEART TIME PERIOD HEART HEART
RATE RATE RATE RATE
1 170 170 1 155 160
2 150 160 2 150 155
3 145 135 3 140 150
4 120 130 4 135 135
5 .120 125 5 125 125
6 115 120 6 115 120
7 115 120 7 115 115
8 110 115 8 1 10 110
9 110 1 10 9 110 110
10 105 110 10 1 10 110
11 105 110 11 100 100
12 105 105 12 100 100
13 105 105 13 100 100
14 105 105 14 100 100
15 105 1P5. ,, 15 _____95.__ 100
96
SUBJECT NO.  J ____
AGE: 2 4  HT:  5 1 11“  WT: J 8 0
INDEX SCORE: 3 7 . 1
LONG SHORT
WORKBOUT WORKBOUT
RESTING 
HEART RATE 80 80
ANTICIPATORY 
HEART RATE 105 12.5
TREADMILL 
SPEED 4 . 5  mph 10 mph
TIME 16 min. 29 s e c .
GRADE z e r o 30%
LOAD 1616 yds . 105 yds
TIME PERIOD HEART HEART
RATE RATE
1 140 155
2 130 145
3 120 135
k 120 125
5 115 125
6 1 10 120
7 110 115
8 100 110
9 100 100
10 100 100
11 95 100
12 95 100
13 95 100
14 95 100
15 95 100
UUUU U\-
AGE: 22 HT
• 1 n u « 0
: 6 ' 1 "  WT : 190
INDEX SCORE: 38.5
LONG
WORKBOUT
SHORT
WORKBOUT
RESTING  
HEART RATE 80 80
A N T IC IP A T O R Y  
HEART RATE 100 115
TREA DM ILL  
SPEED 4 . 5  mph 1 0 mph
T IM E 15-5  min. 20 s e c .
GRADE z e r o 30%
LOAD 1411 y ds . 73 yds .
T IM E  PERIOD HEART
RATE
HEART
RATE
1 160 175
2 155 170
3 150 160
4 l4o 155
5 135 l4o
6 120 130
7 120 120
8 115 12G
9 n o 120
10 110 1 10
11 100 110
12 100 1 10
13 100 110
14 100
LTV
O
15 100 105
9 7
SUBJECT NO. 9 SUBJECT NO. 10
AGE: 23 HT : 6 ' 1 "  WT: 260 AGE: 23 HT: 5 1 10" WT: 145
INDEX SCORE: 4 6 . 7 INDEX SCORE: 4 1 . 9
LONG
WORKBOUT
SHORT
WORKBOUT
LONG
WORKBOUT
SHORT
WORKBOUT
RESTING 
HEART RATE 78 68
RESTING 
HEART RATE 80 90
ANTICIPATORY 
HEART RATE 100 110
ANTICIPATORY 
HEART RATE 95 115
TREADMILL 
SPEED
4 . 5  mph 1 0 mph TREADMILL 
SPEED
5 mph 10 mph
TIME 16 min. 23 s e c . TIME 16 min. 30 s e c .
GRADE z e r o 30% GRADE z e r o 30%
LOAD 1616 yd s 78 y d s . LOAD 1808 yds 110 yds
TIME PERIOD HEART
RATE
HEART
RATE
TIME PERIOD HEART
RATE
HEART
RATE
1 145 140 1 160 170
2 130 135 2 150 160
3 125 120 3 125 150
4 120 110 4 110 140
5 110 110 5 110 120
6 110 110 6 105 110
7 100 100 7 105 110
8 100 100 8 100 105
9 100 100 9 90 105
10 100 100 10 99..... 105
11 95 100 11 90 100
12 95 100 12 90 100
13 95 100 13 90 100
14 95 95 14 90 100
15 95... . 94 15 90 100
98
SUBJECT NO. 11
AGE: 2 2  HT:  6 ' O ' 1 WT: _ 2 3 £
INDEX SCORE: 41  . 9
LONG
WORKBOUT
SHORT
WORKBOUT
RESTING 
HEART RATE 80 80
ANTICIPATORY 
HEART RATE 100 120
TREADMILL 
SPEED 4 mph 10 mph
TIME 15.5 min.  20 s e c .
GRADE z e r o 30%
LOAD 1411 yds . 73 y d s .
TIME PERIOD 
1
HEART
RATE
160
HEART
RATE
170
2 155 165
3 150 155
4 140 150
5 135 140
6 120 130
7 115 120
8 115 115
9 110 105
10 100 105
11 100 105
12 100 100
13 100 100
14 100 100
15 100 100
SUBJECT NO. 12
AGE: 21 HT:  5 1 10"  WT: 2 2 0
INDEX SCORE: 3 7 . 1
LONG
WORKBOUT
SHORT
WORKBOUT
RESTING 
HEART RATE 80 80
ANTICIPATORY 
HEART RATE 105 125
TREADMILL 
SPEED 4 mph 10 mph
TIME 15.5 min . 29 s e c .
GRADE z e r o 30%
LOAD 1411 yds . 109 yds
TIME PERIOD HEART
RATE
HEART
RATE
1 150 150
2 145 135
3 120 120
4 115 115
5 110 1 15
6 105 115
7 105 110
8 105 105
9 100 105
10 100 105
11 100 100
12 100 100
13 90 100
14 90 100
15 90 95
9 9
SUBJECT N0C 13 SUBJECT NO. 14
AGE: 21 HT: 5 111" WT: 160 AGE: 24 HT: 6 '  0" WT: 202
INDEX SCORE: 4 2 . 5 INDEX SCORE: 4 5 . 4
LONG
WORKBOUT
SHORT
WORKBOUT
LONG
WORKBOUT
SHORT
WORKBOUT
RESTING 
HEART RATE 80 80
RESTING 
HEART RATE 80 80
ANTICIPATORY 
HEART RATE 90 115
ANTICIPATORY 
HEART RATE 95 115
TREADMILL 
SPEED 4 . 5  mph 10 mph
TREADMILL 
SPEED 4 . 5  mph 1 0 mph
TIME 16 min. 20 s e c . TIME 16 min. 31 s e c .
GRADE z e r o 30% GRADE z e r o 30%
LOAD 1616 yds . 70 yds . LOAD 1616 yds . 105 vds
TIME PERIOD HEART
RATE
HEART
RATE
TIME PERIOD HEART
RATE
HEART
RATE
1 145 155 1 140 145
140 140 2 130 135
3 135 135 3 120 125
4 125 120 4 120 120
5 115 120 5 115 .... 115
6 115 110 6 115 115
7 105 110 7 115 ... . 110
8 100 105 8 100 110
9 100 105 9 100 110
10 100 105 10 100 105 ....
11 100 105 11 100 105 ..
12 95 100 12 100 100
13 95 100 13 100 100
14 95 100 14 95 100
15 95 100 15 95... 100
100
SUBJECT NO. 15 SUBJECT NO. 16
AGE: 22 HT: 5 11 O'1 WT: 175 AGE: 22 HT: 5 110" WT: 165
INDEX SCORE: 48*9 INDEX SCORE: 4 8 . 9
LONG
WORKBOUT
SHORT
WORKBOUT
LONG
WORKBOUT
SHORT
WORKBOUT
RESTING 
HEART RATE 80 78
RESTING 
HEART RATE 85 80
ANTICIPATORY 
HEART RATE 105 115
ANTICIPATORY 
HEART RATE 90 105
TREADMILL 
SPEED 5 . 5  mph 10 mph
TREADMILL 
SPEED 5 . 5  mph 10 mph
TIME 16 min. 29 s e c . TIME 16 min. 21 s e c .
GRADE z e r o 30% GRADE z e r o 30%
LOAD 1804 yds . 109 yds . LOAD 1804 yds . 79 y ds .
TIME PERIOD HEART
RATE
HEART
RATE
TIME PERIOD HEART
RATE
HEART
RATE
1 150 155 1 150 155
2 135 140 2 135 140
3 120 135 3 130 135
4 120 120 4 120 125
5 115 110 5 115 120
6 115 110 6 110 120
7 1 10 105 7 110 115 .
8 100 105 8 110 115 .........
9 100 105 9 110 110
10 100 100 10 100 110
11 100 100 11 100 100
12 100 100 12 100 100
13 100 100 13 100 100
14 100 100 14 100 100
15 100 100 15 100 100
101
SUBJECT NO. 17 SUBJECT NO. 18
AGE: 22 HT : 6*0" wt . 187 AGF- 23 HT : 5 11111 wt : 178
INDEX SCORE: 4 5 . 4 INDEX SCORE: 37.1
LONG
WORKBOUT
SHORT
WORKBOUT
LONG
WORKBOUT
SHORT
WORKBOUT
RESTING 
HEART RATE 90 85
RESTING 
HEART RATE 80 78
ANTICIPATORY 
HEART RATE 95
130 ANTICIPATORY HEART RATE 90 100
TREADMILL 
SPEED 4 . 5  mph 10 mph
TREADMILL 
SPEED 5 mph 3 0 mph
TIME 16 min. 26 s e c . TIME 16 min. 23 s e c .
GRADE z e r o 30% GRADE z e r o 30%
LOAD 1616 yd s 107 LOAD 1808 yds 80 yds .
TIME PERIOD HEART
RATE
HEART
RATE
TIME PERIOD HEART
RATE
HEART
RATE
1 168 170 1 140 140
2 150 165 2 135 130
3 l4o 155 3 115 120
4 125 140 4 1 10 115 .
5 115 120 5 110 115
6 110 115 6 110 110
7 105 115 7 110 110
8 105 110 8 100 110
9 105 110 9 100 100
10 105 105 10 100 100
11 105 105 11 100 100
• 12 105 105 12 100 100
13 105 105 13 100 100
14 105 105 14 100 100
15 1.Q5 ....... 100 15 100 100
102
SUBJECT NO. 19 SUBJECT NO. 20
ACE: 20 HT : 6 'Q" WT: 170 AGE: 25 HT: 6 11" WT: 175
INDEX SCORE: 4 1 . 9 INDEX SCORE: 4 0 . 0
LONG SHORT 
WORKBOUT WORKBOUT
LONG
WORKBOUT
SHORT
WORKBOUT
RESTING 
HEART RATE 80 80
RESTING 
HEART RATE 80 80
ANTICIPATORY 
HEART RATE 105 120
ANTICIPATORY 
HEART RATE 95 110
TREADMILL 
SPEED 4 . 5  mph 10 mph
TREADMILL 
SPEED 5 mph 10 mph
TIME 16 min. 19 s e c . TIME 16 min. 26 s e c .
GRADE z e r o 30% GRADE z e r o 30%
LOAD 1616 yds . 67 yds . LOAD 1808 yds 94 yds .
TIME PERIOD HEART
RATE
HEART
RATE
TIME PERIOD HEART
RATE
HEART
RATE
1 1^5 150 1 150 150
2 135 145 2 135 135
3 125 130 3 125 120
4 125 125 4 115 120
5 110 120 5 115 115
6 1 10 1 10 6 110 115
7 110 110 7 110 115
8 110 1 10 8 100 110
9 1 10 105 9 100 1 10
10 1 10 105 10 100 110
11 110 105 11 100 100
12 100 105 12 100 100
13 100 100 13 3 00 100
14 100 100 14 95 100
15 95 100 15 95 100
103
SUBJECT NO. 21
AGE: 23  HT:  S ' O "  WT: 2 0 0
INDEX SCORE: 4 2 . 5
LONG
WORKBOUT
SHORT
WORKBOUT
RESTING 
HEART RATE 78 80
ANTICIPATORY 
HEART RATE 95 115
TREADMILL
SPEED 5 mph 3 0 mph
TIME 16 min. 30 s e c .
GRADE z e r o 30%
LOAD 1808 yds . 100 yds
TIME PERIOD HEART
RATE
HEART
RATE
1 150 145
2 135 135
3 130 130
4 120 125
5 120 125
6 115 120
7 1 10 115
8 100 110
9 100 105
10 100 105
11 100 100
12 100 100
13 100 100
14 95 100
15 9 5  100
SUBJECT NO. 2 2
AGE: 2 4  HT:  6 * 0 "  WT: _210
INDEX SCORE: 4 1 . 5
LONG
WORKBOUT
SHORT
WORKBOUT
RESTING 
HEART RATE 78 78
ANTICIPATORY 
HEART RATE 100 120
TREADMILL 
SPEED 4 . 5  mph 1 0 mph
TIME 16 m in . 19 s e c .
GRADE z e r o 30%
LOAD 1616 vds . 120 vds
TIME PERIOD HEART
RATE
HEART
RATE
1 140 145
2 135 135
3 125 125
4 120 120
5 120 120
6 115 115
7 1 10 115
8 110 110
9 110 110
10 100 100
11 100 100
12 100 100
13 100 100
14 100 100
15 100 100
104
SUBJECT NO. _£3_ SUBJECT NO. 2k
AGE: 24 HT : 6 ' 0 "  WT; 180 AGE: 2k  HT : 5 110" WT: 210
INDEX SCORE: 4 5 . 4 INDEX SCORE: 4 2 . 5
LONG
WORKBOUT
SHORT
WORKBOUT
LONG
WORKBOUT
SHORT
WORKBOUT
RESTING 
HEART RATE 85 90
RESTING 
HEART RATE 78 80
ANTICIPATORY 
HEART RATE 90 105
ANTICIPATORY 
HEART RATE 95 110
TREADMILL 
SPEED 4 . 5  mph 1 0 mph
TREADMILL 
SPEED k .S  mph 1 0 mph
TIME 16 min. 31 s e c . TIME 15-5 min 30 s e c .
GRADE z e r o 30% GRADE z e r o 30%
LOAD 1616 yds 105 yds . LOAD 1411 yds 108 yds
TIME PERIOD HEART
RATE
HEART
RATE
TIME PERIOD HEART
RATE
HEART
RATE
1 ]kO 150 1 150 155
2 130 130 2 150 150
3 120 125 3 145 150
k 115 125 k 135 145
5 110 120 5 130 135
6 105 120 6 125 125
7 105 115 7 120 120
8 105 115 8 110 120
9 105 115 9 1 10 115
10 105 110 10 110 115
11 105 110 1 1 110 105
12 105 105 12 105 105
13 105 105 13 105 100
\ k 105 105 14 105 100
15 105 105 15 105 100
SUBJECT NO. 25
AGE: 21 H T:  5 1 1 1 "  WT: j £ £
INDEX SCORE: ^ Q - 0
LONG SHORT
WORKBOUT WORKBOUT
RESTING 
HEART RATE 78 78
ANTICIPATORY 
HEART RATE 100 120
TREADMILL 
SPEED 4 , 5  mph 1 0 mph
TIME 16 min. 29 s e c .
GRADE z e r o 30°/o
LOAD 1616 yds . 109 yd s
TIME PERIOD HEART HEART
RATE RATE
1 150 160
2 140 150
3 130 145
4 125 130
5 120 125
6 110 115
7 100 105
8 100 105
9 100 105
10 100 105
11 100 100
12 100 100
13 95 100
14 95 100
15 95 100
SUBJECT NO. 26 
AGE: 22 HT: 5 1 11" WT: 180
INDEX SCORE: 4 0 . 9
LONG SHORT 
WORKBOUT WORKBOUT
RESTIN G  
HEART RATE 80 80
A N T IC IP A T O R Y  
HEART RATE 95 105
TREA DM ILL  
SPEED 4 . 5  mph 10 mph
T IM E 16 min. 29 s e c .
GRADE z e r o 30%
LOAD 1616 yds . 105 yds .
T IM E  PERIOD HEART
RATE
HEART
RATE
1 150 160
2 145 140
3 130 120
4 120 120
5 1 10 115
6 1 10 110
7 105 105
8 105 105
9 100 105
10 100 100
11 100 100
12 100 100
13 100 100
14 95 . 100
15 95 100
106
SUBJECT NO. 27 SUBJECT NO. 28
AGE: 22 HT : 6 10" WT: 155 AGE: 21 HT: 5 ' 8 "  WT: 145
INDEX SCORE: 37 .5 INDEX SCORE: 4 8 . 9
LONG
WORKBOUT
SHORT
WORKBOUT
LONG
WORKBOUT
SHORT
WORKBOUT
RESTING 
HEART RATE 8 5 90
RESTING 
HEART RATE 80 80
ANTICIPATORY 
HEART RATE 95 120
ANTICIPATORY 
HEART RATE 85 115
TREADMILL 
SPEED 4 mph 1 0 mph
TREADMILL 
SPEED 4 . 5  mph 1 0 mph
TIME 15.5 min. 19 s e c . Tl ME 16 min. 22 s e c .
GRADE z e r o 30% GRADE z e r o 30%
LOAD 1^ +11 yds . 67 yds . LOAD 1616 yds 80 y d s .
TIME PERIOD HEART
RATE
HEART
RATE
TIME PERIOD HEART
RATE
HEART
RATE
1 155 160 1 145 155
2 145 155 2 130 150
3 130 145 3 130 140
4 125 130 4 125 135
5 120 120 5 120 125
6 115 115 6 110 120
7 110 115 7 105 1 10
8 105 110 8 100 105
9 105 110 9 100 105
10 100 105 10 100 105
11 100 105 11 100 100
12 100 105 12 95 100
13 100 105 13 95 100
14 100 105 14 95 100
15 100 105 15 95 100
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SUBJECT NO. 2 9
AGE: 23 HT:  5 ' 6 n WT: !_7£
INDEX SCORE: 4 l  . 9
LONG
WORKBOUT
SHORT
WORKBOUT
RESTING 
HEART RATE 78 80
ANTICIPATORY 
HEART RATE 85
100
TREADMILL
SPEED 4 . 5  mph 10 mph
TIME 16 min. 20 s e c .
GRADE z e r o 30%
LOAD 1616 yds . 73 y ds .
TIME PERIOD HEART
RATE
HEART
RATE
1 160 170
2 155 160
3 l4o 150
4 125 l4o
5 120 125
6 110 120
7 110 120
8 110 120
9 100 120
10 100 1 10
11 100 110
12 . 100 1 10
13 100 110
14 100 1 10
15 100 105
SUBJECT NO. 30 
AGE: 21 HT: 5 1 1111 WT: 155 
INDEX SCORE: 38 .5
LONG
WORKBOUT
SHORT
WORKBOUT
R ES TIN G  
HEART RATE 80 80
A N T IC IP A T O R Y  
HEART RATE 85
110
T R E A D M ILL  
SPEED 4 . 5  mph 10 mph
T IM E 16 min. 21 s e c .
GRADE z e r o 30%
LOAD 1616 yds . 78 yds .
T IM E  PERIOD HEART
RATE
HEART
RATE
1 150 165
2 145 155
3 140 135
4 135 130
5 125 125
6 120 120
7 115 115
8 110 115
9 110 110
10 100 110
11 100 110
12 100 105
13 100 105
14 95 100
15 95 100
A P P E N D IX  F
S P L IT - P L O T  ARRANGEMENT OF TREATMENTS IN  A COMPLETELY RANDOMIZED  
D ESIG N  W IT H  TWO GROUPS ( F I T  AND U N F IT )  AS WHOLE-PLOTS AND W ITH  
T H IR T Y  SUBJECTS PER GROUP: A T W O -B Y -F IF T E E N  FAC TOR IA L AS 
S P L I T  PLOTS (TWO WORKBOUTS AND F IF T E E N  T IM E  MEASURES)
S o u rc e  o f Sum o f Degrees o f  Mean
Var i a t  i on S qua re s Freedom S quares F P
Group 8 6 , I6 9 . 84 1 8 6 , 1 6 9 .84 110.97 .01
Sub-Group E r r o r 4 5 ,0 0 3 .2 1 58 776 .434
Work 7 , 6 7 1 . 4 8 1 7 , 6 7 1 .4 8 247 .55 .01
Group Work .009 1 .009 .29 N.S.
Time 3 35 ,6 3 8 .8 1 14 2 3 , 9 7 4 . 2 773.61 .01
Li n e a r 2 8 5 , 9 8 2 .6 9 1 9 , 1 9 5 . 9 5 .01
Quad r a t  i c 4 4 , 1 3 2 . 2 0 1 1 ,424 .07 .01
Cub i c 2 , 4 3 2 . 9 5 1 78 .5 .01
Work-Time 4 9 2 .8 3 14 3 5 .2 0 1 .14 N.S.
Li n e a r 2 0 .5 1 .66 N.S.
Quad r a t i  c 3 1 .2 1 1.00 N.S.
Cubi c 19.4 1 .62 N.S.
Group-Time 1 4 ,3 1 0 .1 2 14 1 , 022 .15 32 .98 .01
F i t  S u b j e c t s :
L i n ea r 8 1 , 3 1 2 . 0 0 1 2 ,6 2 3 .8 1 .01
Q uadra t  i c 1 0 ,3 6 3 .0 0 1 334 .39 .01
Cubi c 3 , 0 6 0 .9 7 1 98 .77 .01
U n f i t  S u b j e c t s :
Li n e a r 102 ,966 .93 1 3 , 3 2 2 .5 8 .01
Q uadra t  i c 13 1 ,6 1 1 .0 0 1 4 , 2 4 6 . 8 8 .01
Cub i c 2 , 1 1 8 . 7 0 1 6 8 .3 6 .01
E r r o r 5 2 , 1 3 0 . 2 6 1682 3 0 .99
T o ta l 5 4 1 ,6 1 9 .1 8 1799
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